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the Jackson Welding Cable Hanger 


Gone are the days when welders, working in high 
places, were weighted down by heavy lengths of welding 
cable. Now, no more shifting from shoulder to shoulder, 
nor tying around the waist. No more climbing down after 
a dropped electrode holder. 

In shop fabrication of large work pieces, CABLEHITCH 
may be used overhead, so the operator may weld around 
the entire assembly without carrying or dragging the 
cable with him. 

Gone are the days of wrapping around sharp-edged 
beams and girders, causing wear and tear on cable and 
cable connections, and requiring greater cable length. 

In short: CABLEHITCH cuts down operator fatigue, 
increases the worker’s safety and efficiency. It cuts down 
cable drag, cable wear, and cable length. 


Sold World-Wide—through Distributors and Dealers 


Jackson Products 


31739 Mound Road, Warren, Michigan 


Cablehitch 


For details, circle No. 1 on Reader Information Card 


Hook Cablehitch over any conven- 
ient support over and near the work 
area. Cable is inserted at any point 
after lifting the spring-held pawl. 
Leave only a short length of cable to 
be carried while welding. 


Eccentric pawl, of durable nylon 
plastic, grips cable tightly. Cable- 
hitch will support all the cable you’ || 
ever want hanging down to where 
the welding machine is located, with 
more than ample safety factor. 


Pull whip end of cable over the paw! 
if more length is needed at the 
working end. After this, the pawl 
automatically will grip the cable 
as before. 


Made by Jackson Products, for 24 years 
pioneers in better and safer tools for 
the welder: Insulated Electrode Holders, 
‘Quik-Trik’ Cable Connectors, Fiber Glass 
Helmets, Goggles, Face Shields. 
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You can realize 


BIG PRODUCTION SAVINGS 


with HOBART’S NEW 


Air-cooled MIGARC gun 


USERS REPORT PRODUCTION SPEEDS INCREASED TO 200” PER MIN. . . 


Hobart’s Migarc process is a gem of operator 
convenience, simplicity and low cost. With it 
you can attain radically increased production 
speeds on mild steel welding. 

This newest and most advanced method of 
metal-inert-gas shielded arc welding features 
three Hobart components: a constant voltage 
power source, an automatic control and wire 
feed, and an extremely simplified gun. 

Three models of the CV power source provide 
500, 900, and 1200 amps respectively on a 
100% duty cycle at 3 to 48 volts. The control 
eliminates troublesome, delicate, costly gadgets. 
Its wire feed mechanism is extremely powerful. 
The gun is air-cooled, enabling the operator to 
work unencumbered by heavy water lines, or 
leaky connections. Inexpensive CQ2 is used for 
the shielding gas. 


Perfect low cost 
simplified setup 
for CO, welding 
“Powromatic”’ cv 
power source, 
and control wire 
feed Migarc unit. 


Find Your Fill out and mail this \\ | 
handy coupon for 
in the complete details on ; 
Migarc and other f 
automatic and semi- : 
automatic arc welding \ 
' 


processes 


For details, circle No. 2 on Reader Information Card 


Hobart’s Migarc process is versatile. It can be used ip many loca- 
tions to suit any application. The gun, control and wire feed unit 
can be separated, then stratigically mounted for single station op- 
eration (above left photo), or they can be used where portability 
isa haiti (photo above right). 


. AND MORE! 


Here's just one of many good examples where 
Hobart’s Migarc process greatly increased 
production. 

Parish Pressed Steel, a division of Dana Cor- 
poration in Reading, Pa., fabricates auto frames. 
The trend to lower bodies, hardtops, and no 
center pillars demanded more box sections per 
frame. Weld inches soared. The cost of adding 
manpower and conventional welding equipment 
to handle the increase was prohibitive and 
impractical. Hobart’s Migarc process was the 
answer. According to J. W. Holzman, Assistant 
Chief Engineer for Parish, it solved the majority 
of their problems. 

It will pay you to get complete information 
on Hobart’s Migarc process. Do it today while 
the thought is still fresh in your mind. No obli- 
gation, of course! 
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New HOBART air-cooled 
gun simplifies operation 


All connecting leads extend from 
back of the gun. Cables are secured 
by twist-lock connectors. 


The nozzle housing 
can be easily removed by 


hand without taking gloves off. 
An ordinary wrench turns hex nut to 


. remove the nozzie 


One-half turn separates gun from gun 
end. The operator can easily and 
quickly make wire feed corrections 
without removing gloves, or using 
special tools. 


‘Mopar BROTHERS COMPANY, BOX WJ-118, TROY, OHIO, Phone FE-21223 


‘Manufacturers of the world's most complere line of arc welding equipment” 
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the new Cadet Regulator 


small, sturdy, efficient and safe... 


Model L.P. Gauge H.P. Gauge Gauge Color 
701 100= 4,000= Green 
703 (POL) Red 
703 (Comm'|) 400+ Red 


Supplementing the wide variety of pressure reducing devices made by NATIONAL 
of California is this additional set of small diameter regulators available for all 
cylinder gases. Machined entirely out of sturdy and dense brass bar stock to insure 
maximum strength and lasting quality. These regulators are equipped with brass 
gauges, 114” in diameter, with screw-on glass retainers. The gauge dials are col- 
ored to identify the gases for which they are intended. Pre-set adjusting feature 
enables operator to set regulator for maximum desired delivery pressure. Durable 
adjusting serew is machined from Duronze bronze to eliminate thread galling. All 
internal working parts are interchangeable in all Cadet regulator models. Sintered 
bronze filters prevent the entrance of foreign matter. Self-reseating safety relief 
valve (other than for acetylene) affords tamper-free safety. Internal design and 
material used preclude spontaneous combustion, Stainless steel diaphragms with 
Nylon gaskets and Neoprene seats are for long and trouble-free service life. Deliv- Toate | 
ery capacity meets every normal requirement. Here is a regulator which fully 
maintains the high standards for which our products are renowned. 
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NATIONA welding equipment COMPONY... 212 sremont street san francisco 5 california 
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5. Welding Tests 


Reported here are the results of underbead 
cracking tests made on 1” plates of USS “T-1” 
Steel. Details of test specimens are shown in 
Fig. 1. Welds were made at an initial tempera 
ture of 70°F. using E-6010 and low hydrogen 
electrodes. 

Results of cracking tests are shown in the 
table at right. Note that in the specimens welded 
with E-6010 electrodes a great amount of crack 
ing occurs. However, the specimens welded with 
low hydrogen electrodes show little or no under- 
bead cracking. It is suggested, therefore, that 
only low-hydrogen-type electrodes be used for 
the welding of ““T-1” Steel. 

A hardness survey of an underbead-cracking 
specimen welded with an E-12015 electrode is 


shown in Fig. 2. Note that the peak hardness 
obtained at the immediate junction of weld 
metal to parent metal is about 420 DPH. This 
hardness is unaffected by changes in type of 
electrode. 


Table showing susceptibility of 14-inch thick “‘T-1" 
Steel to underbead cracking (Heat 74L236) 


Per Cent of Underbead Cracking 


Initial E-6010 E-12015 E-9015 
Plate (Cellulose Low Hydrogen Low Hydrogen 
Temp., °F Type Type Type) 
0 23 3 0 
70 54 l 18) 


Average of five tests 


Fig. 1. Typical underbead-cracking specimen of USS ‘'T-1"" Steel welded with E-6010 electrode. 
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Fig. 2. Results of hardness studies on an underbead-cracking specimen—'/.” USS “‘T-1" Steel. 


REMEMBER THIS: No other alloy steel offers the com- 
bination of properties that ““T-1” Steel possesses. Here, 
in just one steel, you get very high yield strength 
(100,000 psi minimum ), extraordinary toughness, great 
resistance to impact abrasion, and good high tempera- 
ture strength. These let you reduce the size of highly 
stressed parts ...save weight, reduce the amount of 
welding required and cut your costs. USS “‘T-1” Steel 
is being used in bridges, excavating equipment, pressure 


vessels, towers . . . in equipment that must take heavy 
abuse in sub-freezing temperatures . . . in equipment that 
must withstand heavy stresses and impact abrasion at 
temperatures up to 900°F. 


WRITE FOR COMPLETE INFORMATION about the applica- 
tion and fabrication of USS “T-1” Steel. United States 
Steel, Room 2801, 525 William Penn Place, Pittsburgh 
30, Pennsylvania. 


United States Stee! Corporation — Pittsburgh 


Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & iron — Fairfield, Alabama 


United States Steel 


United States Steel Supply — Stee! Service Centers 


United States Steel Export Company 


USS and “T-1"’ are registered trademarks 
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New design in Sigma hand welding torches 


Here is a new, lightweight torch—only 16 
ounces—for manually welding light-gage 
steels. Sigma ST-2 welds in all positions with 
no change in control or current settings. Welds 
.030- to .100-in, sheet, using low-voltage short- 
are technique with .020- and .030-in. hard- 
drawn wire. For 200 amp continuous service. 
Balanced design makes handling easy. Serv- 
ice lines enter through rear of handle—a con- 
venience in cramped quarters. Start-stop 
switch on handle, easy to reach. Nozzle has a 
60° curve for maximum weld visibility. 
Sigma ST-2 makes high-quality welds at 


tortion is at a minimum. Inert gas shielding 
is economical. Low flow rate—only 10 cu. ft. 
or less per hour—means even more savings. 

Call your nearest LINDE office today for a 
demonstration of this new Sigma ST-2 torch ! 
Or write Dept. WJ-11, LinpeE Company, Division 
of Union Carbide Corporation, 30 East 42nd 
Street, New York 17, N.Y. Offices in other 
principal cities. In Canada: Linde Company. 
Division of Union Carbide Canada Limited. 


high speed. Seams require no cleaning... dis- 


“Linde” and “Union Carbide” are registered trade-marks of Lnion Carbide Corporation 
For details, circle No. 4 on Reader Information Card 
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Proof! You don’t have to lose the 
advantages of Inco Nickel Alloys at a joint 


Inco welding products match their properties 


Take this job for example. 

The weldor above is shown joining strips of Monel* 
nickel-copper alloy to form the anchor parts for a new 
salt water cooling tower. G. W. Galloway Company is 
building this tower for The California Oil Company at 
Perth Amboy, N. J. Monel alloy is being used to lick the 
salt water corrosion problem. To get weld metal to match 
the corrosion resistance and strength of this nickel-copper 
alloy, Galloway is using Inco’s “60”* Monel Filler Wire. 

It’s a wise decision, too... to buy filler wire from the 
same people who developed Monel alloy. After all, who 
would know how to weld Inco Nickel Alloys better than 
the people who developed them? 


Wide range of Inco-developed electrodes available 
There’s a full range of Inco welding products available 
for oxyacetylene, inert gas metal-arc, and metal-arc 


welding. From these, the right material can be selected 
to match the properties of any Inco Nickel Alloy you 
may be joining. 
Get top results! 

On your next job make sure you use Inco welding prod- 
ucts to join Inco Nickel Alloys. Look under “Nickel” in 
your classified telephone directory to find out where you 
can buy Inco welding products. 


And write for “Inco Welding Products” 
for requirements, applications, specifica- 
tions. Write: *Registered trademark 

j 
THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street New York 5, N. Y. 


INCO WELDING PRODUCTS 


electrodes + wires «+ fluxes 
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OUR MUTUAL OPPORTUNITY 


As one of the largest industrial users of joining processes for a 
wide variety of products, General Electric—like others who manu- 
facture welded products—looks for process development, equip- 
ment and application assistance from the companies in the weld- 
ing-equipment business. We know that the selection of the right 
design, materials and welding processes needed to produce products 
of quality and reliability is not just important to business success, 
it Is imperative. 

Industry is fortunate that the tremendous increase in the 
number and usage of welding and allied processes has given us many 
more tools to use. At the same time, we must not overlook that 
these manufacturing processes create joints which are actually a 
new material that must be evaluated in the same degree as the base 
metals which are joined. Without this information, the design 
engineer has no sound basis for properly designing the joint. It 
also follows that there must be processing control during the manu- 
facture of these joints to be sure the end product fully meets the 
design requirements. 

This situation underscores the significance of the two-way 
communication process and the WELDING Sociery’s role as a 
medium of exchange. It has its JouRNAL, annual Welding Show 
and technical meeting, educational and technical committees. 
The technical committees provide for exchange of technical infor- 
mation as well as preparation of industry-wide recommended prac- 
tices and standards, such as welding symbols, nomenclature, ete. 

There’s a real need today for expanding these technical ac- 
tivities, particularly in the field of recommended practices which can 
logically include results of the evaluation of new or improved weld- 
ing materials and processes as a basis for acceptance by industry, 
both large and small. In the months and years ahead, as industry 
continues to re-examine its operations for better productive effi- 
ciencies, lam convinced that both the producers and users of weld- 
ing equipment and supplies will reap dollar benefits in direct pro- 
portion to the depth of their technical participation. 


Halbert B. Miller 


VICE-PRESIDENT 


MANUFACTURING SERVICES 


GENERAL ELECTRIC CO. 
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Brings out BEST 
in TIG Welding 


This new Miller development improves quality, speed and range of 
tungsten inert gas welding in all automatic fixture and manual applica- 
tions. Balanced wave (BW) characteristic results from a new Miller 
balance control which eliminates the d-c component present in most 
welding currents. Output of the Miller BW welder is ONLY pure a-c, 
DELIVERS: 


Excellent arc stability 
Maximum heat 
Deeper penetration 


Faster welding speeds 


Complete particulars will be sent promptly upon request. 


miller ELECTRIC MANUFACTURING COMPANY, INC, “APPLETON, WISCONSIN 


Distributed in Canada by Canadian Liquid Air Co., Ltd, Montreal "EXPORT OFFICE: 250 East 57th St, 
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High pressure (5500 psi test) feedwater heater having a 40-ft long Monel tube bundle. Tubes are 


metal-arc welded to tube sheet 


THE WELDING OF SOME NONFERROUS 


AND FERROUS TUBES 


The metallurgical and fabrication 
considerations in the joining of a number 
of nonferrous and ferrous tubes to tube 


sheels are discussed by the author 


BY R. W. BENNETT 


INTRODUCTION. During the past decade there has been 
significant progress in the design and manufacture of heat-trans- 
fer equipment for steam and atomic power plants, as well as for 
the chemical, petroleum and other process industries. The de- 
mands of these industries for equipment to perform satisfactorily 
under the ever-increasing temperatures and pressures, as well as 
safely to conduct lethal and radioactive heat-transfer media, has 
presented a challenge to designers, metallurgists and fabricators. 

For many years, tubes have been rolled, or expanded, into 
the tube sheet holes to effect leaktight joints This procedure Is 
still used extensively on the majority of exchangers. The hold- 
ing power, or strength, of rolled joints when properly done is 


still considered adequate for many applications 


Chief Metallurgical Engineer of 
Products ne,, Schenectady 


R. W. Bennett is 
Division of Aleo 
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TO TUBE SHEETS 


In recent years, for special service applications, such as high- 
pressure feedwater heaters for power plant applications and for 
chemical and atomic energy service, the trend has been heavily 
toward exchangers with tubes welded to the tube sheets. Such 
joints are categorized as seal welds, or full-strength welds, and are 
most generally made by either the metal-are or inert-gas-shielded 
tungsten-are welding processes 

In general, heat-transfer equipment is built to meet the re- 
quirements of the ASME Code for Unfired Pressure Vessels. This 
Code is often supplemented by more exacting specifications pro- 
vided by the customer or government ageney for more assur- 
ance of a trouble-free service life. For heat exchangers used 
in atomic-energy or chemical-plant installations, where tube joint 
failures could cause excessive damage or loss of life, the joining 
of tubes to tube sheets must be considered from another stand- 
point of welding and testing than the generally accepted hydro- 
static test of at least one and one-half times the working pressure 
specified by the ASME Code. The tube welded joint may be re- 
quired to withstand completely the operating pressures and tem- 
perature cycles with any rolling filling a minor strength role 

It is important, therefore, that the designer carefully consider 
the metallurgical, welding and fabricating problems in order to be 
assured that the vessel can be built without production delays 
and that it will completely satisfy the design and operating serv- 
ice conditions. 

This paper contains a discussion of metallurgical and welding 
considerations related to the welding of some nonferrous and 
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Fig. 1 Cutaway drawing of a high-pressure feedwater heater having a U-type tube bundle. Tube may be rolled, 


welded or both 


Fig. 2 Double fixed tube-sheet type exchanger. Tubes 
rolled to both tube sheets on each end and welded to outer 
tube sheets. A hydraulic-type expander is shown 


ferrous tubes to tube sheets. The term ‘nonferrous’ is nor- 
mally restricted to a specific material such as copper, nickel, 
molybdenum, titanium, ete. or is applied to their many allovs. 
The scope ol this paper, however, will be restricted to the joining 
of Monel, copper, cupro-nickel, copper-zine alloys and stainless- 
steel tubes to tube sheets of the same metals or carbon steel. 
The joining would apply to the construction of high-pressure feed- 
water heaters for the steam-power industry or special types of 
heat exchangers used for atomic power and chemical process 


applications 
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Exchanger Design 

\ heat exchanger is a device for transferring the heat 
content of one medium to another, in order to effect the 
heating or cooling required to meet specific service con- 
ditions. The heat-exchanger designer has four basic 
considerations that must be thoroughly evaluated for 
each exchanger. First, the operating success of an ex- 
changer depends upon its heat-iransfer efficiency 
This is obtained by calculating the amount of tube sur- 
face essential to provide the required degree of heat 
transfer. Seeond, the physical dimensions are es- 
tablished to accommodate the tube surfaces, the pres- 
sures and the volume of heat-transfer media involved 
This includes the size of the tube and the tube sheet 
Third, the proper materials must be chosen to 
Fourth, 


layout 
meet service requirements most economically 
the design and materials must be compatible for fabri- 
cation by welding. 

The most common type of heat exchanger utilized in 
the power, chemical, petroleum and related indusiries 
These 


consist essentially of an outer pressure vessel( shell) and 


is referred to as a “‘shell-and-tube’’ exchanger 


an internal arrangement of tubes secured to a tube sheet 
or tube sheets (tube bundle). The shell side and the 
tube side are separated so that the heat transfer takes 
place through the tube walls. To prevent leakage be- 
tween the medium from either the shell or tube sides, 
the tubes are expanded and or welded into the tube 


sheets. 


Exchanger Types 


Figure 1 is a cut-away drawing of a high-pressure 


feedwater heater containing a U-type bundle secured to 
a heavy tube sheet in the range of 10 in. or possibly 
heavier. The tube sheet is an integral part of the 
channel (forged or welded) capable of withstanding 
high tube-side hydrostatic test pressures in the magni- 
tude of 6000 psi as required for feedwater heaters used 
in steam-power plants. The shell is welded directly or 
bolted to the combination channel and tube-sheet as- 
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Fig. Single-fixed tube-sheet exchanger. 


\ high-pres- 


sure closure of simple but effective design and con- 


sembly by a flanged and gasketed Jot 


struction to carry high hydrostatic end loads are also 
shown. Monel tubes are generally used for the higher 
pressure and high-temperature applications, while the 
cupro-nickels and Many of the other copper alloys ure 
used for lower pressure and temperature conditions 
In general, the shell, channel and other structural com- 
ponents are basically of carbon. or low-alloy carbon 
steels. 

Figure 2 is a double-fixed tube-sheet type exchanger. 
The two inner tube sheets are welded to the shell and 
the space between the inner and outer tube sheets is 
about 2in. The outer tube sheets are welded directly 
to the end of the shell. Tubes inserted through the 
four tube sheets are expanded into them to complete the 
seal of the end closures. Double tube-sheet construction 
and the welding of tubes to the outer tube sheets are pre- 
cautions taken to prevent the possibility of contamina- 
tion between the tube side and shell media by the oc- 
currence of leakage at either of the tube-to-tube-sheet 
joints. Stainless-steel tubes and tube sheets with car- 
bon-steel shells and shell side components are often 
used for this type exchanger in the chemical and atomic 
power industries 

Figure 3 is a typical single-fixed tube-sheet type ex- 
changer used for chemical, petroleum and atomic-power 
equipment. The straight tubes are expanded into the 
tube sheets and the tube ends are often welded. The 
channel] section is joined to the exchanger by a gasketed 
An expansion joint is sometimes used 
A wide variety 


and bolted joint. 
as an integral component of the shell. 
of metals is used depending upon the service conditions 
and environment to which the exchanger is subjected. 
In some applications one metal, such as carbon steel, 
nickel steel, stainless steel, copper, Monel, cupro- 
nickel or other copper alloys may be used throughout. 
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Tubes may be rolled, welded or both 


= = = z = 7 
a | 
| 


Fig. 4 Removable tube-bundle type exchanger. Tubes 


are rolled and/or welded to tube sheets 


Combinations of these metals are also extensively used. 

Figure 4 is a sectional drawing illustrating a floating- 
head type exchanger and its removable tube bundle with 
the tube secured to the tube sheet by rolling, welding or 
both at each end. This type of exchanger, commonly 
used in the petroleum and other process industries, is 
assembled and made pressure tight by bolting flanged 
and gasketed joints. In general, the shell, channel and 
other structural components as well as the tube bundle 
may be of a wide vai lety ol materials, such as aluminum, 
copper alloys, copper, stainless steel, Monel and other 
high alloys as well as various carbon-steel types. 

In this brief description of heat exchangers, it is ap- 
parent that they all have one fundamental aspect in 
common. The tubes must be secured to the tube sheet. 
In the power industry and others using heat exchangers, 
leakage of the tubes or tube joints results in an expensive 
loss in operating efficiency. Leakage in exchangers 
used in the chemical industries or atomic-power instal- 
lations could cause loss of life or disastrous contamina- 
tion of the operating media to the extent of necessitating 
a complete shutdown of the plant. Thus, the precau- 
tions and methods used to secure tubes to tube sheets 


and to test their tightness cannot be overemphasized. 


Rolling Tubes to Tube Sheets 


In designing the tube-sheet layout, there has been a 
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Fig. 5 Tube-sheet and tube materials used for feedwater heaters and special heat-transfer applications. Welding 


processes are indicated 


persistent trend to reduce jigament size and to get as 
many tubes as possible in the smallest diameter to gain 
economic benefits commensurate with adequate heat- 
transfer characteristics. The tightness of an expanded 
joint depends basically upon the radial pressure between 
the tube and tube sheet. A wide difference can thus be 
expected in the final results of relled joints because of 
the specific properties of the materials. The properties 
include hardness variations, tube-to-tube-hole toler- 
ances, surface conditions of the tube and tube-sheet 
hole, rolling equipment and technique, and other fabri- 
cation variables that exist under normal production 
conditions. 

The ligament size, therefore, is an important factor to 
the success of a rolled joint as it must provide adequate 
strength and size to resist sufficiently the radial ex- 
pansion of the tube regardless ef other conditions. —Al- 
though tube rolling may still be considered more of an 
art than a scientifically controlled procedure, millions 
of exchanger tubes have been rolled and have performed 
satisfactorily under a wide range of service conditions in- 
volving many combinations of materials. 

Rolling tubes for welded joint construction is done for 
another basic purpose other than to provide a leaktight 
joint as for unwelded construction. Consequently, the 
entire tube-expanding concept, rolling procedure, and 
ligament size should be observed from a different per- 
spective. Extensive laboratory and manufacturing ex- 
perience have conclusively established that it is manda- 
tory at least to establish firm contact between the tube 
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and tube sheets to assure welded joints of Consistently 
satisfactory quality. This is especially true for weld 
metals prone to cracking because of low hot ductility 
high hardening characteristics, or metallurgical struc- 
tures resulting from unfavorable dilution during melting 
the component materials. The high normal stress of the 
circular weld can be kept to the lowest possible level 
during solidification by eliminating the tolerance gap by 


expanding the tube. 


Materials for Welded Tube-Joint Construction 

Exchangers requiring the welding of tube-sheet joints 
must be given careful consideration during the design 
stage. The choice of materials used in heat exchangers 
results from a comprehensive study to determine the 
most economical material to withstand the service con- 
ditions to which the exchanger will be exposed. The 
materials must be capable of fabrication without de- 
stroving their desirable metallurgical characteristics 
This consideration is equally true for the tube and tube 
sheet materials that are to be subjected to welded con- 
struction. Some of the nonferrous and. stainless-steel! 
tube and tube-sheet materials that have been satis- 
fuctorily joined by welding are shown in Fig. 5. 

Heat exchangers built to meet requirements of the 
ASME Code for Unfired Pressure Vessels or similar 
specifications require that the welding procedure and 
welding operators be qualified in aecordance with Sec- 
tion 9 of the Code. This may or may not be supple- 
mented with specifications for certain critical applica- 
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(c) Macrosection of 
welded joint 
shown in (d) 


(a) Projecting tube (b) Flush tube joint 


joint 


(d) Type 304L stainless-steel tubes tungsten-arc welded to Type 304 tube 


sheets using joint shown in (a) 


Fig. 6 Typical joint designs for inert-gas metal-arc weld- 
ing tubes to tube sheets 


tions. This qualification applies only to the major 
pressure welds of the holding vessel, such as the longi- 
tudinal and girth seams, but it does not apply to the 
welding of tubes to tube sheets 

Although the Code does not require qualification of 
tube-sheet welds, it is considered sound manufacturing 
and engineering practice to esti tblish the welding pro- 
cedure and other conditions for sound crack-free seal or 
strength welds of tube-to-tube sheet joints 

kor heat exchangers used for atomic or steam-power 
plant or other critical process applications, the customer 
often specifies qualification and prototype tests to 
establish the weldability of the component materials, 
as well as the ability of the welder to deposit a suitable 
weld under the conditions of fabrication. These qual- 
ification samples are generally evaluated by nonde- 
structive examination using dye-penetrant inspection 
procedures supplemented by cross sectioning and mi- 
number of welded 


croexamination of a reasonable 


joints. 
Welding Processes and Joint Details 

The metal-are process using coated electrodes and the 
inert-gas-shielded tungsten-are process (hereafter re- 
ferred to as tungsten-are welding) are generally used for 
welding tubes to tube sheets. The actual process choice 
and welding technique depend upon the ligament size 


(thickness), the tube size, the joint strength require- 
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ments, the joint details, the component materials and 
the conditions under which the welding can be done. 
Positioning the exchanger or bundle (as in Fig. 3 or 
Fig. 4) so that the welding can be performed in the 
downhand position allows optimum conditions for the 
uniform welds. Unfortunately, 


longer, and have a greater 


welder to make good, 
as the exchangers get larger, 
number of tubes (close to 10,000 in exchanger shown in 
Fig. 2 and 2074 tube ends with a bundle length of 40 ft, 


aus in lead photograph) the flexibility and weight (32 


tons for unit shown in Jead photograph) makes it 
virtually impossible to move without damage. Posi- 
tioning feedwater heaters with « deep channel (as in 
lead photograph) in the vertical position would not per- 
mit reasonable access of the welder to the tube sheet for 
proper are control 

lor metal-are 
Is essential ctrodesof suitable diameter and with 


elding of tube joints out-of-position, it 


melting and slag characteristics that allow the welder to 
control the "wie ition Where 


close ligaments ure involved, extreme care must be 


ind contour of the weld. 


taken to prevent the weld toe from overlapping and in- 
terfering with proper penetration and welding of the 
adjacent tube joints 

The tungsten-are welding process is generally used for 
welding tube joint assemblies having a ligament size less 
than * ys. in. and where thin-wall tubes less than '/» in. 
diam and a high degree of operatol control is required 
to effect a high-quality weld. A ligament thickness of 

i¢ Ih. Or Over Is conducive to better tungsten-ure 
welding. 

For metal-are welding, 1 
eat least in. in diam and the ligament at least */j¢ in. 
The skill required by the operator to deposit 


is desirable for the tubes to 


or more 
sound, uniform tube welds becomes more pronounced 
as the tube diameter, ligament and tube wall become 
smaller. Copper plugs have often been used to make it 
possible to weld small tubes by the metal-are process. 


r greater, and with ligaments 


On tubes 1 in. in diam, ¢ 
over in., no significant welding-technique difficulties 
should ensue. 

Figure 6 (a) and (6) illustrates tube joint details that 
are suitable for welding tubes to tube sheets by either 
the tungsten-are or the metal-are process. The photo- 
graphs shown as Fig. 6 (¢) and (d) are representative of 
tungsten-are welds made using the joint design shown 
in Fig. 6 (a). This type joint has been found most 
suitable for welds made without filler metal, as the small 
tube projection provides sufficient metal to prevent shal- 
low welds. The joint in Fig. 6 (b) is used where a filler- 
wire addition to the weld puddle is required during 
tungsten-are welding to obtain minimum dilution with 
the base materials and avoid cracking in crack-sensitive 
materials. 

For metal-are welding, the projected alloy tube helps 
to control the weld puddle by reducing excessive pene- 
tration as well as keeping the amount of iron and carbon 
dilution from the carbon-steel tube sheet to a minimum. 
With both processes, if proper welding conditions and 
techniques are employed, the size of the weld is kept to 
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(b) Belled joint 


(a) Straight joint 


(d) Type 304L tubes before and after tungsten-arc welding to Type 304L 
tube sheets using the joint shown in (b) 

Fig. 7 Low restraint joint design for inert-gas-shielded 
tungsten-arc welding tubes to tube sheets 


the minimum necessary to fuse the joint and provide 
suitable strength. A large puddle is conducive to over- 
lapping adjacent beads and weld overhang on the inside 
of the tube. The latter may impair the heat-transfer 
efficiency of the exchanger or cause undesirable lo- 
calized turbulence. Two-pass welds are oftentimes used 
as a safety precaution against undetectable, inherent or 
accidental weld-metal defects. 

Where a large-diameter vessel has a relatively thin 
tube sheet (about 1's in.) as shown in Fig. 2, it is 
desirable to use a joint that will reduce the stress level 
on the tube-sheet surface to prevent distortion and 
bowing. Joints used to lower constraint are shown in 
Fig. 7 (a) and (6). Basically the two joints are the 
same. Both are obtained by trepanning the tube sheet 
to provide a projection at least equal in thickness to the 
tube wall and with a depth about two times the tube 
wall thickness. In Fig. 6 (6) the ends of the tube and 
the tube-sheet projection are belled by a drifting tool 
prior to welding. ‘This snugs the tube to the projection 
and prevents any constriction of the tube by weld over- 
hang so that the tube joints could be rolled after leak 
testing. 

The joints shown in Fig. 7 (a) and (b) are optimum for 
obtaining high-quality joints by either manual or auto- 
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(b) Macrosection of typical weld 
(a) Counterbored joint 
Fig. 8 Full-strength metal-arc welds joining heavy-wall 
70/30 cupro-nickel tubes to 70/30 cupro-nickel tube 
sheets 


matic tungsten-are welding without using filler metal 
Figure 7 (d) shows an end view of austenitic stainless- 
steel tubes before and after tungsten-are welding to a 
counterbored and belled joint. A typical macrosection 
of the weld is shown in Fig. 7 (¢). The exchanger is 
shown in Fig. 2. 

Laboratory evaluation of the relative influence ot 
joint detail on distortion definitely established that 
welds made using joints shown in Fig. 7 (a) induced less 
stress in the tube sheets than welds made using untr 
panned joints shown in Pig. 6 (a). 

Sometimes, a multipass weld is considered desirable 
to assure a joint strength equivalent to that of the tube 
as Well as to provide an interrupted leak path as an 
added precaution against localized weld deficiencies 
Small defects are statistically bound to occur in spite 
of taking every precaution to prevent them and utiliz- 
ing every nondestructive method of testing to detect 
them. Such weld joints as are illustrated in Figs. 8 and 
9 are often used for heat exchangers for atomic-powe! 
installations. 

For multipass welds, the ligament size again becomes 
an important factor contributing to the joint design and 
welding process. The weld joint shown in Fig. 8 (a 
had a minimum ligament of ' 4 in. and tubes having a 
in. diam and 8 BWG wall. 
throat section of two times the tube-wall thickness was 


An effective average 


required, 

To maintain consistently high weld quality and uni- 
formity of the required throat section with such a small 
ligament, alternate joints including part of the tube wall 
were machined as shown in Fig. 8 (a) and the first 
pass welded. The remaining joints were then ma- 
chined, causing part of the first pass on the adjacent 
joints to be cut away. Completion of the first pass re- 
sulted in welds being slightly below the tube-sheet face. 
Subsequent passes to complete the joint welds were de- 
posited on alternate joints following an established pat- 
tern to prevent localized heat buildup and to keep the 
tube-sheet stresses toa minimum. A typical cross sec- 
tion of a representative metallie-are weld is shown in 
hig. 8 (b). 
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(a) Counterbored-type joint 


(b) Typical macrosection 


The weid in big. 9 (a had a ligament of 
and diam tubes having an 0.049-in. wall It 
Wis again essential to counterbore the tube sheet so that 
i multipass weld with an average throat thickness of two 
times the wall thickness could be obtained The root 
passes were deposited on all the joints by the tung- 
sten-are process Using a suitable COMpOsition filler wire 
Subsequent pusses are made in the same manner until 
the required joint size has been reached. Figure 9 (} 
and illustrates welds in austenitic stainless-steel 
exchangers of the fixed tube-sheet ty pe. 

In welding assemblies requiring multipass weld 
there 1s the 1 ndency to use a jomit with the tube pro- 


ecting heyvond the tube sheet ii sufficient length to per- 


mit de positing fillet h iving suit ible throat to meet the 


weld-strength requirements. Unless the tube has suffi- 
cient wall thickness to withstand the are concentration, 
the tube wall will melt Where the ligament is small 
and the tubes project, 1 Is difficult to concentrate the 
are at the tube-to tube-sheet Junction, thus resulting mn 
a detective weld with incomplete penetration 

While fillet welding light-gage stainless-steel tubes in 
prototype tube sheets similar to that illustrated in Fig. 9, 
except Tol projecting the tubes, the stress developed by 
the solidification of the fillet weld and subsequent cool- 
ig trom the we lding temperature Was sufficient to cause 
of the senmless tubes to split longitudinally as 
shown mm Fig. 10 Repeated failures on several heats of 
tubes and success by using the counterbored joint (Fig 
9) substantially illustrate the mfluence that joint de- 
sign, materials and welding technique can have on the 
success or failure of making high-quality tube-to-tube- 


sheet joints 


Metallurgical Considerations for 
Welded Joint Construction 

It was prey iously stated that one of the basic factors 
that must be considered in the design of heat exchangers 
having welded tube-to-tube sheet construction was that 
“the materials chosen must be capable of fabrication 
without destroying their desirable metallurgical char- 
acteristics.” \ review of Fig. 5 indicates some of the 
nonferrous and stainless tube and tube-sheet materials 
that are widely used for heat-transfer equipment and 
joined by welding. With the exception of the reference 
to “red brass,’ the tube materials fall into two distinct 
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(c) Representative portion of welded tube sheet 


Fig. 9 Type 347 tubes, °/,.-in. OD x 0.049 wall, double- 
pass inert-gas-shielded tungsten-arc welded to Type 347 
tube sheets 


Fig. 10 End view of 304L tube projected beyond and 
fillet welded to Type 304L tube sheet, showing split tube 
resulting from welding stresses 


1077 


pia 


LIQUID 


30 40 so 60 70 90 Cu 
WEIGHT PERCENTAGE COPPER 


Fig. 11 Constitution diagram for nickel and copper 


NICKEL EQUIV +0.5xMn+30N 
% DELTA FERRITE 


2 4 6 10 i2 14 
CHROMIUM EQUIV. = %Cr+Mot!.5 Si+0.5 (Cb+Ta)+2w 
Fig. 12 Constitution diagram for iron-chromium-nickel 
weld metal as deposited (Schaeffler) 


metallurgical classes the nickel-copper system snd the 
iron-chromium-nickel system. 


Nickel-Copper System 

The constitution diagram of the nickel-copper svstem 
is shown in Fig. 11 Nickel and copper both ervsiallize 
with a face-centered cubie lattice while their alloys are 
completely soluble in each other both in the liquid and 
solid states. From a welding standpoint, this means 
that nickel, Monel, the cupro-nickels and copper are 
weldable to each other or to themselves without 
metallurgical problems such as hot-or-cold-short crack- 
ing or adverse phase structures. In fabricating com- 
mercial products, however, it is essential to use com- 
mercially available materials that have minor elements 
added intentionally to permit the effective pouring of 
the ingot and subsequent processing into plate, forg- 
ings, ete. with the desired mechanical and physical 
properties. Unfortunately, other undesirable elements 
such as carbon, iron, phosphorus, sulfur, oxygen, ete. 
get into the materials as residuals from the melt or dur- 
ing processing. It is the presence of these foreign ele- 
ments in adverse proportions that can throw the simple 
nickel-copper system out of balance and cause poor 
welds upon melting and resolidification durimg the weld- 
ing process. It must also be emphasized that (1) sur- 


faces contaminated with dirt, oil, grease and = sultur- 
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Fig. 13. Application of iron-chromium-nickel constitution 
diagram to fabrication practice 


bearing compounds, (2) stick electrodes handled with 
greasy gloves, (33) unsuitable or inadequate shielding 
during tungsten-are welding, (4) as well as other careless 
practices can cause the pickup of these undesirable ele- 
ments in the molten weld metal and thus result in 
cracked and/or porous welds. 

Laboratory investigation resulting from unexpl:in- 
able difficulties encountered during fabrication of 
70 30° cupro-nickel heat exchangers significantly re- 
vealed that base materials as well as covered-elect rode 
metal-are-deposited weld metal may show erratic weld- 
ability characteristies despite the fact that the chemical 
analyses are within most recognized material specifica- 
tions.” Moisture in all lime-covered electrodes 
cause erratic are action and weld porosity or cracking. 
Drying at a suitable temperature about 500° F to re- 
move the absorbed moisture and proper electrode 
storage Cannot be overemphasized. 

For tungsten-are welding of the cupro-nickels, the 
addition of about 0.20°7 titanium to the filler wire has 
substantially eliminated porosity from welds made by 
this process.* 
lron-Chromium-Nickel System 


This system includes many alloys generally referred 
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to us the stainless steels, that have been developed to 
perform specific functions, such as corrosion resistance, 
good stress-rupture properties at elevated tempera- 
tures, good notch toughness at extremely low tempera- 
tures and many other desirable properties. The alloys 
of this system that are widely used for heat-exchanger 
applications fall into what is termed the “austenitic 
stainless steel,’ having a nominal 18°, chromium and 
8% nickel content in an iron solution 

Variations in the carbon content and the deliberate 
addition of molybdenum and columbium characterize 
the Type 304, 304L, 316 and 547 alloys contaimed in 
Fig D. Here augaum the intentional minor alloy addi- 
tions and the undesirable residuals have a profound 
influence on the quality and properties of the weld metal 
both during and after solidification from the molten 
weld puddle 

One of the most important advances in the science ot 
welding staimless steels without cracking con- 
tributed to the fabricating industry by Schaeffler in the 
form of a constitution diagram for iron-chromium-nickel 
weld metal shown in Fig. 12.4 

This diagram establishes the rel tionship between the 


chemical composition and the microstructure of the as- 


deposited weld metal The axes of the diagram are 
based on the chromium and nickel equivalents rather 
than upon the elements only The chromium equiva- 


lent is the sum of the percentage Composition values ot 
the chromium, silicon, mols bdenum, columbium, tanta- 
lum and other ferrite formers. The nickel equivalent is 
based on the sum of the composition values of the 
nickel, MAN ZANese, carbon and other austenite formers 

The composition of stainless-steel tubes of the 18-8 
type is deliberately balanced by the mill to make them 
fully austenitic to provide optimum properties for ex- 
truding, drawing, and other mill processes required to 
produce the tube to the desired specification properties 
The tube sheet may or may not be fully austenitic re- 
gardless of whether it is a wrought plate or a forging 
When the metal-are process is used, the fabricator often 
tukes for granted that a sound crack-free weld will be 
obtaimed 

\ctually, the electrode manufacturer has made the 
electrodes from a high-quality core wire of a closely con- 
trolled analysis and then balanced the coating to pro- 
duce about 5 to 10°, delta ferrite in the deposited weld 
metal. Normal penetration of the component base 
metals and dilution of the resulting molten puddle with 
the melting electrode will generally provide sufficient 
delta ferrite in the resulting austenitic weld-metal 
structure to prevent cracking. 

Where conditions necessitate tungsten-are welding, 
weld cracking can be minimized or eliminated by care- 
fully plotting the chromium and nickel equivalents of 
the tube and tube-sheet materials and assuming equal 
amounts of dilution. Since the tubes are generally fully 
austenitic, the tube would be flush with the tube sheet 
as in Figs. 6 (b) and 7, toavoid melting an excess of tube. 
A filler wire of suitable composition may then be ob- 
tained and melted in with the base metals during weld- 


NOVEMBER 1958 


ing to provide the desired amount (at least 20) of delta 
ferrite to prevent cracking. An illustration of the use 
of this constitution diagram for tungsten-are welding 
austenitic Type 347 stainless-steel tube-to-tube-sheet 
joints is shown in Fig. 13. The successful welding of 
literally many hundreds of thousands of tubes to tube 
sheets indicates that the Schaeffler concept, requiring 
the presence of delta ferrite, is practicable and com- 
mercially usable regardless of other basic metallurgical 
concepts that have been studied and reported. 

In some cases, the tube and tube sheet may both be so 
highly austenitic that it is impossible to obtain a filler 
wire of suitable composition to provide the delta ferrite 
needed in the weld. It is common practice in these in- 
stances to overlay the tube sheet with weld metal having 
the necessary chromium and nickel equivalents to pro- 
vide adequate delta ferrite for making the subsequent 
tube welds, 

Dissimilar Metal Combinations 

Referring agai to Fig. 5, it is immediately apparent 
that the basic metals and the alloys of the nickel-copper 
system ure not generally used with alloys of the iron- 
chromium-nickel system where welded tube joints are 
required. 

While the combimation of any of these materials may 
be functionally desirable and economical and completely 
satisfactory for rolled joints, the chemical compositions 
and structures resulting from melting them together by 
welding are metallurgically unpredictable, incompatible 
and generally unsuitable for welded construction. 

There are always sound reasons for making exceptions 
to most general rules of fabrication. One may shudder 
at the thought of welding coppet directly to stainless 
steel. Yet such a situation, created by design, material 
and manufacturing circumstances, resulted in the suc- 
cessful welding of thousands of */s-in. OD x '/s-in. wall 
deoxidized copper tubes into heavy (4 in. thick) Type 
304L stainless-steel forged tube sheets, Fig. 14. The 
fact that both base metals melted and the melt was also 
supplemented by adding filler metal (silicon bronze and 
aluminum bronze were used) classifies this as a fusion 
weld in contrast to a brazed joint where only the filler 
wire melts and flows by capillary action between com- 
ponent ‘‘wetted”’ surfaces. 

A photomacrograph of the joint and a photomicro- 
graph of the fusion zone, weld and tube sheet are shown 
in Fig. 15. Although some weld cracking and porosity 
occurred, the combination of rolling, welding and con- 
trolled peening of the tube-to-tube-sheet Joints was suc- 
cessful for passing a helium leak test and a hydrostatic 
test of 4200 psi. A number of these exchangers have 
been used satisfactorily in the manufacture of liquid 
oxygen at about minus 300° F for the past five years. 
Carbon Steel for Tube Sheets 

The greatest majority of feedwater heaters used in 
the power industry of the type shown in Fig. 1 and in 
lead photograph use forged-carbon or low-alloy carbon 
steel for tube sheets and either Monel or cupro-nickel 
tubes depending upon temperatures, pressures and 
economic aspects. For other types of exchangers for cer- 
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Fig. 14 Exchanger for low-temperature service having 
copper tubes welded to Type 304L forged tube sheets. 
Insets at top show joint before and after welding 


tain specific applications, stainless-steel and nickel tubes 
have also been used. When such exchangers require 
welded tube-sheet construction, it can immediately be 
concluded that the tungsten-are welding process is not 
applicable because of the adverse weld structures that 
result primarily due to the dilution of the iron, carbon 


Fig. 15 Photomacrograph and photomicrograph of cop- 
per tubes welded to Type 304L stainless steel 
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and other undesirable elements from the tube sheet with 
any of the alloy tubes mentioned. 

Although many filler-rod alloys, various joint de- 
signs, and controlled tungsten-are welding techniques 
have been tried with some isolated success, a practicable 
procedure for consistently making high-quality seal or 
strength welds under production conditions is unknown 
to the author at this time. However, where design, 
manufacturing or other circumstances dictate the use of 
the tungsten-are welding process, the tube sheet is clad 
or overlayed with a compatible metal sufficiently thick 
to reduce the influence of the adverse carbon-steel ele- 
ments. 

Metal-are welding of the stainless steel, nickel and 
Monel tubes to carbon-steel tube sheets using the types 
of covered electrodes indicated in Fig. 3 is done ex- 
tensively for all kinds and sizes of feedwater heaters. 
Here again the success of the electrode manufacturer in 
“doctoring” the electrode coating to accommodate a 
reasonable dilution of the weld puddle with undesirable 
elements has allowed the fabricator to be able to fabri- 
cate these dissimilar metals directly. The fabricator, 
however, must develop the welding technique to keep 
the dilution of the carbon-steel elements in the high- 
alloy melt of tubing and weld metal to an absolute mini- 
mum to avoid cracking. It is often times feasible to 
keep the dilution down by using the lowest-practicable 
are amperage to reduce penetration of the carbon-steel 
tube sheet and at the same time produce a high ratio of 
weld metal to penetrated base metal hy allowing the 
\ photo- 
graph of a feedwater heater tube sheet having Monel 


weld bead to build up as much as possible 


tubes double-pass metal-are welded to it is shown in 
lead photograph. 

Although many cupro-nickel tubes of the 70.50 type 
have been metal-are welded to carbon-steel tube sheets 
directly, the large amount of repair welding required 
during production compared with repair-free laboratory 


prototypes suggests an adverse influence of the high 


copper, iron, carbon content on the remuuning nickel 


content of the weld. 
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WELDING ALLOY STEELS 
UNDER BONDED FLUXES 


futhors describe the use of bonded 
submerged-arc flures in pipe welding, 
in preparing overlays or clad surfaces 
and in welding high-strength 


low-alloy steels 
BY HALLOCK C. CAMPBELL AND WALLACE C. 


ABSTRACT gSonded submerged-are fluxes which are baked or 
matured at low temperatures can be used in pipe welding, in 


preparing overlays or clad surfaces and in welding high-strength 


low-alloyv steels Pipes down to 6 in diam have been success 
fully welded with the new bonded fluxes Voltage, current, 
travel speed and height of flux burden have been evaluated for 
minimizing dilution vet still assuring adequate penetration. in 
single-are overlay cladding Progress has been 


made toward solving the problem of welding Grade HYS80 steel 
by submerged-are welding using bonded fluxes incorporating 
alloving elements and active deoxidizer 

Introduction 

Bonded fluxes are submerged-are fluxes which are pre- 
pared by techniques similar to those used in the manu- 
facture of covered arc-welding electrodes. They have 
only recently appeared on the market. \ papel 
describing the interesting properties of such fluxes was 
presented at the 1957 AWS Spring Meeting in Phila- 
delphia. The major difference of these fluxes from pre- 
viously available submerged-are fluxes lies in the low- 
temperature baking which ts characteristic of their man- 
ufacture Because of the low baking temperature, 
these fluxes can incorporate strong deoxidizing agents 


and alloving ingredients, which otherwise would become 


Hallock C. Campbell! Director of Rese nd Wallace C. Johnson 
Welding Con tant, A ( ! Philad a 
Paper presented at 58 AWS Annual S ng Meeting held in St. I 


M Apr. 14-18 


Table 1—Butt-Welding Conditions for 10-In. Pipe 


Material: 10-in. Schedule 8O pipe Type 2 Cr IMo Filler 
wire '/,-in. 2'/, Cr 1 Mo. Bonded flux 


Joint Design: V-groove, 60-deg included angle, sin, backing 
ring, root opening about g-in. (because of imperfect fit-up 
Welding Variables: Preheat 200° I Continuous welding, 
constant rotation speed (3'/, min per revolution Wire 

position leads rotation bv 5to 10 deg 

First puss: 00 amp, a-c, 30 to 32 v. about 6 ipm 

ftemaining passes: 300 to 400 amp, a-c, 26 to 30 v, 6 to LO 
ipm 


Slag Removal: First layer with air-powered chipping hammer. 
Subsequent layers by hand. 
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Fig. 1 Preparation for welding 10-in. pipe. 
View of pipe-joint qualification test ready for 
submerged-arc demonstration 


oxidized or nullified during any high-temperature fusing 
operation, Other attributes of the bonded fluxes were 
described, many ol which were first made possible by 


the development of this type of welding composition. 


Pipe Welding 

At the conclusion of the oral presentation in Phila- 
delphia, several questions were raised from the floor 
which provoked an animated discussion of the applica- 
tion of bonded fluxes to the butt welding of pipe. 
Circumferential grooves in small diameter pipe are at 
best a difficult application of welding. Several mem- 
bers of the audience asked for comments on diameter 
limitations: what was considered to be the smallest 
diameter of pipe fol circular welding that would be 
feasible with these fluxes? There is certainly a lower 
limit to such an application, as the fluidity of the weld 
pool and molten slag causes the molten weld to run off 
the pipe when the diameter is too small. 

At the time of the Philadelphia convention, the au- 
thors had had little experience with pipe welding under 
these fluxes As far as was then known, the limiting 
diameter was something below 16 in. Pipe of that size 
had been welded without difficulty, but it was evident 
that smaller diameter pipe would require some modifica- 
tion of technique to find the most suitable conditions for 
submerged-are welding 

The oral discussion contributed one confirmation of 
this opinion, as it was reported from the audience that 
welding on 12-in. pipe had not been possible using condi- 
tions which had been satisfactory with a fused-t ype flux. 

It has now been demonstrated that satisfactory op- 
erating conditions do exist for much smaller pipes than 
12 in. Successful production welds on pipes 10, 8 and 
6 in. in diameter are now on record. The operating 
conditions for 10-in. pipe are briefly summarized in 
Table 1. 

The welding procedure given in the table was de- 
veloped in the fabricating plant shown in Fig. 1. The 
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Fig. 2 YRoot-pass weld in 10-in. pipe. 
Bonded flux in use, showing operator test 
holding flux blanket in place. Per- 
manent jig would perform this function 
in production work 


work Was set up in an engine lathe, which makes an 
excellent welding positioner for jobs of cylindrical 
symmetry. The current, voltage, speed of rotation 
and particularly the wire position with respect to a ver- 
tical axis through the center of the pipe (in other words, 
relative to the 12 0’clock position) were not considered 
difficult to maintain. At this welding speed, the bead 
contours were smooth, slag removal was easy after the 
first layer and the welding proceeded without incident. 
Several views of the demonstration are shown in Figs. 
2,3 and 4. 

Additional experiments conducted in the authors’ 
laboratory have been made on the circular welding of 8- 
in. Schedule 80 pipe and 6-in. Schedule 40 pipe with con- 


Fig. 3. Another view of pipe-welding 


Fig. 4 Completed pipe weld. Close- 
up of cover passes showing smooth 
bead contours and freedom from 
undercutting 


siderable success. The technique required does not 
seem to be fundamentally different from the standard 
procedure. The slight alterations found necessary in 
the weld offset, rotation speed, current and voltage are 
those changes which balance the heat flow from the 
weld to accommodate the lower surface tension of weld 
metal solidifying underneath a bonded-type flux. 

The overlay welding of small diameter rolls may be- 
come an important application of submerged-are weld- 
ing. Certainly, the symmetry of such a weld permits 
easy automation. The technique employed is one 
which achieves minimum dilution of the high-alloy weld 
metal from the low-alloy roll, by carefully “‘shingling”’ 
each succeeding bead or pass to overlap slightly the 


Wire Size, in 


Welding conditions 
Type 308 overlay 5/39 
Type 309 overlay = 


Chemical analysis 


308 filler wire 0.04 1.74 
Top or third layer 0.05 1.39 
Second layer 0.06 1.36 
First layer 0.07 1.20 
Carbon-steel base 0.07 0.51 
309 filler wire 0.05 1 81 
Top or third laver 0.06 1.49 
Second layer 0.06 1.55 
First layer 0.07 1.36 


Carbon-steel base 


Table 2—Series-Arc Weld Deposits 
Multiple-Layer Overlay Welds Beneath Bonded-Type Flux 


Angle between 
Wires, de q 

15 

15 


Amperes, a-c Volts Travel, ipm 
500 20-25 10 
540 26-30 13 


30 0 O11 0 022 21.30 4 83 
61 0.007 0 028 20.95 57 
63 0.010 0 029 20.29 9 O02 
58 0.006 0 O26 S 16 
OO 0.013 0.016 

32 0.016 0. 022 24.68 13.36 
0.005 0 043 24.45 13.14 
S4 0.006 0.040 24.37 11.08 
S4 0 008 0 039 21.79 11.438 
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edge of the preceding pass. Further commentary on 
the matter of weld dilution appears in the discussion 


below. 


Cladding by Overlay Welding 

At the Philadelphia technical session 1957 som 
general remarks about cladding or overlay welding were 
of 
Many more fabricators are now cladding then 


made and illustrations several applications were 
given 
own jobs by making overlay welds with the bonded type 
of flux Data have been obtained for both single-ar 
and series-are welds which show the amount of dilution 
that occurs in each method and can be compared with 
the data presented by Lorentz? for the welds on the 
Shippu gport nuclear reactor 

Series-are overlay welds deposited in one, two and 
2- and 3-in. steel, respective lv, were 


The 308 and 309 welds 


three layers on I-, 
analyzed as shown in Table 2 
were made with the same wire position and comparable 
currents, as enumerated in the table 

The control of are voltage is highly important im this 
work. The has little latitude to 


deviate from the prescribed welding conditions in per- 


welding operator 
forming an overlaying operation, especially with the 
series-are process. “The 


each wire guide to the plate, although the plate is not 


are voltage Is measured from 


otherwise a part of the circuit Hence, one of the con- 
ditions which must be fixed is the initial height of the 
welding wires where they come together above the plate 
surface. If the welding heads are lowered or raised, 
the are-voltage controls will shorten or lengthen the ex- 


With the 


two wires inclined at 45 deg, a l-v increase in recorded 


posed wires to preserve the desired voltage. 


are voltage increases the true are length by nearly 0.8 vy. 
If the controls have retracted the wires to counteract 
a lower position of the head, the are will be located at 
the original height above the plate vertically but it will 
be extended longer horizontally, and the effect on bead 
lor 
t 


contour and weld chemistry will be appreciable 


this reason, when welding over an uneven surface, 


may help to support the dual heads above the work by a 


rubber-tired wheel so the heads can float 

A low-voltage arc of the dimensions indicated in Table 
2 is needed in overlay welding. Beads deposited higher 
above the plate than that are apt to he poorly bonded to 
There may 
also be slag entrapped under such beads. With too 
a bead can be de- 


the plate, perhaps rolled over at the edges. 


long an are, it has been found that 
posited which will solidify on top of a layer of slag with- 
out actually being bonded to the base metal at all. 

The welding data for two groups of single-are overlays 
welds were likewise 


ure given in Table 3. These test 


prepared in multiple versions, so that analyses could be 
obtained for the first, second, third and fourth layers. 
The greater dilution which is obtained in single-are 
welding is readily noted on comparing these values with 


Table 2. 


The amount of dilution was counteracted as 


much as possible by using the “shingling”’ technique 
mentioned earlier, but even so, the dilution is high. In 
this technique every bead except the first one ina laver, 
is deposited with the are directed not onto the base 


plate or lower layer, but rather on top of the outer edge 
of the preceding bead. The amount of penetration is 
not changed by this manipulation, but the chemical con- 


tribution of the remelted material is improved. 


Welding Variables Affecting Bead Contours 

The bonded fluxes are recognized to be similar to the 
fused and the agglomerated types of flux in their re- 
sponse to the various factors which influence the bead 
contours. The response with these fluxes is different 
only in degree, resulting from inherent differences in the 
surface tension of the Most of these 
variables are well known to the welding engineer and are 
specified for each job before it is set up on the shop floor. 
Unfortunately, some of the controls are often adjusted 


weld metal. 


by the operator as he observes the performance of his 
machine. It is important that the operator understand 
that such changes must not be made on eritical jobs 


except to restore the original welding conditions. Each 


job should have an established set of operating condi- 
tions which are considered inviolate by the operator. 


Weld-Metal Dilution Studies, Bonded-Type Flux and Type 308 


We Idina conditions Wire size, in 

Type 308 overlay 5/s0 

Type 309 overlay 3/56 
Chemical analysis Mn 
308 filler wire 0.04 1.67 
Top or fourth layer 0.05 1.51 
Third layer 0.06 1.45 
Second layer 0.06 1.35 
First layer 0.07 1.06 
Carbon-steel base 0.07 0.51 
309 filler wire 0.05 1.81 
Top or fourth layer 0.06 1.42 
Third layer 0.06 1.37 
Second layer 0.07 1.24 
First layer 0.07 1.22 
Carbon-steel base 7 51 


Table 3—Single-Arc Overlay Deposits 


or 309 Wire 


Average volts Travel tpm, 
28 12 
30 12 


Amperes, a-c 
500 
600 


Si S 

29 0.013 0.023 20.13 9.94 
81 0.009 0.039 18.59 9.08 
71 0.008 0.038 18.16 8.80 
76 0.007 0 036 18.53? 8.21 
52 0.008 0.034 14.34 rg | | 
00 0.013 0.016 

32 0.016 0.022 24.68 13.36 
83 0.010 0.042 19.78 11.23 
76 0.009 0.041 19.00 10.49 
67 0.010 0.038 18.20 9.438 
18 0.009 0.036 14.42 6.54 
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par 


550 Amps 
740 Amps 
Fig. 5 Effect of welding current on bead contour and 


dilution. All three beads deposited at 30 v ac, 10 ipm. 
stainless-steel wire, '/.-in. carbon-steel plate 


36 Volts 


30 Volts 


24 Volts 


Fig. 6 Effect of varying voltage. Beads deposited at 
550 amp ac, 10 ipm travel speed 


Fig. 7 Effect of travel speed on bead width and penetra- 
tion. Each bead deposited at 550 amp ac, 30 v 
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Variation of the welding current changes the bead 
contour and dilution factor as shown in Fig. 5. The 
proper setting is determined during the trial runs. The 
are voltage changes the bead contour and penetration 
as shown in Fig. 6. Since the voltage is measured be- 
tween the wire guide and the plate, the contact tubes 
must be kept clean and tight. Worn contact tubes 
should be replaced, as they can alter the voltage. The 
welding engineer makes use of this variation in selecting 
the design conditions; thereafter, the choice is fixed 
and not available to the operator. Similarly the travel 
speed changes both bead contour and penetration as 
shown in Fig. 7. The height of flux burden above the 
weld seems to have little effeet on the deposit, as shown 
in Fig. 8. 

Certainly, it will lead to better automatic welding if 
every operator appreciates the importance of selecting 
the welding conditions to be used on the job and main- 
taining those conditions faithfully during the job 
Changes which seem unimportant or negligible to an 
uninstructed operator may alter the chemistry of a low- 
alloy or stainless weld more than the job requirements 
can tolerate. 

Series-are welding so far offers the best means of con- 
trolling dilution in overlay welds. The shallow pene- 
tration obtained by the grazing series-t ype are gives a 
weld bead of composition 80 to 90°; filler metal and 
only 10 to 20°) base metal. 

Welding High-Strength Low-Alloy Steels 

The welding of high-strength low-alloy steels has re- 
ceived much of the authors’ attention in the past vear 
Sound welds are not difficult to obtain by submerged- 
are welding, but welds with high mechanical properties 
and good notch toughness are not easily achieved. The 
high-tensile steel known as Grade HYSO is now of inter 
est tothe Navy. Several test plates of H YSO were made 
available to us, and it series of submerged-are welds ha e 
been made with a wire-and-flux combination designed 
to deposit welds with the Cr-Ni-Mo composition which 
has proved most promising in manual are-welding 
studies. 

The Navy has supported work by Battelle Memorial 
Institute on welding HYS8O. A> project report® (un- 
classified) was issued on June 30, 1957. These ex- 
ploratory studies clearly showed the necessity of re- 
stricting the heat input during HYS8O welding. Rieppe! 
and his associates selected 44,000 joules per inch as the 
maximum energy to be put into each weld bead. ‘This is 
the energy contributed by a 440-amp 30-v are at 1S 
ipm travel rate. 

Using similar conditions, the welds described in 
Table 4 were prepared in our laboratory and tested for 
tensile ductility and impact strength. The multiple- 
pass bead sequence which we feel is an important factor 
in obtaining a tough weld is sketched in Fig. 9. The 
vield and tensile strength were lower than would be de- 
sired in an HYS8O weld with 100°, joint efficiency 
Judging from our experience with Cr-Ni-Mo manual 
electrodes, we are confident we can correct this de- 
ficiency without impairing the notch toughness. The 
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Table 4—Mechanical Properties of HY80 Welds 


Chemical Analysis of Weld Metal 


by Vn Si S P ( Ni Vo 
Undiluted weld metal 0.030 0.63 0.43 0.009 0.036 0.70 2.09 0.50 
Chips from tensile bar 0.050 0.70 0.52 0.008 0.037 0.56 2 63 0.41 
Tensile Properties, 0.505-In. Bars 
Elonga- Reduc- 
tion in tion wu 
Yield strenath, psi Tensile strenath, psi aret Fracture 
As-welded 83, O00 90,500 10 IS Diagonal shear 
As-welded 5OO 93,500 21 cup 
As-welded 86, 250 96,200 14 $4 Sound 
Heat treated * 77,100 SS 500 22 Sound 
i Impact Tests Charpy V-Notch 
> Test temperature, ° F Ft-lb absorbed, as-welded 
T 72 52. 52 
+32 17 
+10 8, 47, 35 
10 25, 23, 21, 2 
60 22, 22, 21, 20 
SU 20, 19 
120 
150 IS. 10 
Ft-th absorbed, heat-treated* 
* 1200° F, 1 hr, air cool 
present V-notch Charpy values are certainly quite en- 
couraging. The 20-ft-lb readings at minus 100° F seem 
to indicate that this weld metal is well deoxidized by the ind 
fluxing action of the alloy-reinforced bonded flux 
New welds with slightly modified analysis are to be 
prepared, in search of a higher strength deposit ot i 
comparable notch toughness. Eventually we w ill make 
butt-welded plates for subjection to explosion bulge Inches@ 
testing, which we hope will show the suitability of this 2 
welding process for the production ot Navy vessels - a 
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Fig. 9 Joint design and bead se- 
quence of HY-80 welds. Sketch - 

shows location of Charpy V-notch 
specimens, transverse to weld with 
notch centered in weld and normal 
to plate surface. The tensile speci- 
mens were machined from all-weld- | ” 
metal bars cut longitudinally trom 3 
the weld 
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Inert-gas-shielded metal-arc welding of nickel-clad vessel 


SOME CONSIDERATIONS REGARDING 
CONSUMABLE-ELECTRODE 
INERT-GAS-WELDING FILLER WIRE 


In order to remedy the erratic burn-off behavior sometimes encountered 


with this process, ut is proposed that the electrode wire be coiled to a specified 


diameter set or cast for more intimate contact al discharge end of contact lube 


BY L. M. PETRYCK 


INTRODUCTION AND BACKGROUND. The use of the con 
sumable-electrode inert-gas-welding process flor fabrication 
purposes has sometimes been most difficult, because of a spas- 
modically occurring, erratic burn-off rate of the welding wire at 
the are. This variance in burn-off rate, which is manifest as a 
variable are length, has been so extreme that the wire has some- 
times “burned back’’ and fused to the contact tube and, at other 


L. M. Petryck is in the Mechanical Engineering Section, Development & 


Research Division, of the International Nickel Co., Ince 
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times, pieces of wire '/, in. or greater in length have been found 
along the deposited weld metal. The costs involved for equip- 
ment parts replacement, production downtime, and weldment 
repairs have been considerable. Several explanations for the 
erratic are problem have been advanced, of which the more 
prominent are: fluctuation of feed-in rate of the wire to the are 
because of mechanical difficulties, wire composition, wire hard- 
ness, dirty wire, fluctuations in the line voltage at the welding- 
machine terminals and other factors related to welding-apparatus 
parts. Since several of the above problems are generally occur- 
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ring at one time, determination of the controlling variable has 
been most difficult 


Consideration of Variables 

In the present considerations, mechanical feed-in rate 
of the welding wire is dismissed as an item of major 
importance because an electric motor, having its own 
electrical circuit, is used to move the wire. Given 
normal care, fluctuations in motor revolutions would 
result from line-voltage changes only Inertia of the 
revolving motor parts and gear trains of the system 
would tend to smooth out any rotational variances 
In making this statement, it is assumed that the welding 
wire is spooled so that it will not bind when uncoiled 

Variation in wire composition and hardness, per se, 
fail to proy ide Satishictory explanations because erratic 
are lengths have occurred when using wire of different 
heats and hardness. Wire cleanliness, however, can 
very much be a factor and is therefore desired to be in 
the extra clean bare bright condition 

The possibility that the controlling variable in this 
welding problem might be found in the welding- 
current circuit Was suspected when the current densities 
and melting rates common to the consumable-elect rode 
inert-gas-shielded and conventional-electrode welding 
processes are compared Current-densityv calculations 
indicate that about 100,000 ump per sq in. are em 
ploved for inert-gas consumable-electrode welding, 
whereas only about 7000 amp per sq in. are used for 
conventional-electrode welding. It follows that the 
inert-gas-shielded electrode melting rate is of the 
order of 15 times greater than the melting rate of a 
conventional stick electrode, when electrodes of similar 
diameter are compared This ratio is no doubt even 
greater than the above would indicate, since energy is 
also required to fuse the flux covering present on the 
stick electrode). 

On the basis of these caleulations, a constant burn 
off rate of the filler wire used in the consumable- 
electrode inert-gas-shielded process should require that 
the amount of welding current transferred from the 
welding equipment to the wire be held constant, with- 
out even an instantaneous variation of appreciable 
magnitude. Furthermore, any fluctuation of the 
point of current transfer from machine to wire will 
also be reflected by variable are lengths, since the 
varying contact point will cause the high-density current 
to be carried by varying lengths of welding wire. 
This variable length of current-carrying wire, between 
the are and contact point, called ‘‘stick-out,” is im- 
portant because of the ?R heating factor. Unfavorable 
conditions have caused the wire to disintegrate into 
pieces '/, in. or longer at the welding arc, or at the 
other extreme, to cause “burn-backs.” 

The method of current transfer in the currently 
available inert-gas welding equipment is poor at best, 
since current transfers by means of frictional contact 
only, from a copper contact tube to the welding wire, 
while the wire is passing through the tube at 150 ipm 
or more. The pressure of the welding wire against the 


copper tube is very low, when compared to the con- 
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Indeed, 


siderable pressure commercially available 
holders can exert on conventional electrodes. 
electrode holders that can exert pressures of over 500 
lb are available, far removed from the fraction of a 
pound used in the consumable-electrode inert-gas- 
shielded process 

It has been established in resistance welding that 
contact resistance varies with the surface condition 
and the pressure between the parts being joined, other 


factors being constant. Assuming the use of wire with 


an essentially uniform surface, it is reasonable to 


expect that pressure would play an important part on 
contact resistance between welding wire and contact 
tube. A varying pressure between wire and contact 
tube will cause the current to transfer to the wire in 
varying amounts or at varying points in the contact 
tube. Either of these conditions will cause the elec- 
trode melting rate to vary and, since the melting rates 
are very fast, even small variations in pressure could 
be reflected by major varlations welding behavior. 

Qne method which would overcome these fluctua- 
tions would be to provide a constant pressure between 
the wire and contact tube so that welding current 
uniform in magnitude would be picked up, and, further- 
more, to cause this pressure to be applied principally at 
the contact-tube ends. Since electricity follows the 
path of least resistance, welding current would transfer 
to the wire at the contact-tube end nearest the welding 
are and thus minimize any tendency towards variable 
heating effects 

The conditions necessary to insure a constant pressure 
and current transfer point required a welding wire on 
which a certain minimum “set” or “cast”? has been 
imposed. This ‘‘set”’ or “feast”? is defined as the diam- 
eter of a cirele formed by a length of wire, (usually 6 
ft), when dropped on the floor and allowed to assume 
an unimpeded coiled position. It is obvious that the 
wire must not only be coiled into the proper set, but 
that this set must be maintained as the wire passes 
through the welding equipment to assure a constant 
current transfer in the welding gun. A misaligned 
welding machine can cause the original set to change 
drastically, thus requiring also that the wire be hard 
enough to resist a change In set. 

To summarize, it appeared that the electrical variable 
present in inert-gas-shielded consumable-electrode weld- 
ing could be minimized by coiling a wire in such manner 
that it conformed to a predetermined, optimum set and 
making it hard enough to resist any significant change 
in this set while passing the wire from spool to the weld- 
ing are. If these assumptions were correct, wire 
with improved performance could be insured simply 
by establishing the proper set and temper and by 


producing wire to these specifications. 


Equipment and Test Procedure 

The effect of cast, or set, on welding-current transfer 
was studied by the use of a simulated welding-current 
transfer circuit. The equipment incorporated the use 
of a constant-voltage transformer to modify line- 
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voltage magnitude, line-voltage fluctuations being 
smoothed out further by the use of a rectifier and an 
alternating-current generator in series. The circuit 
was completed by connecting, also in series, a rheostat 
and a knife-edge assembly, across which a voltmeter 
was connected. The knife edges, as Figs. 1 and 2 
show, were held at a fixed distance. They were 
further modified by inserting contact tubes, which are 
used as standard equipment on one make of welding 
equipment, between the knife edges. Filler wires 
having varying cast diameters were inserted into the 
tubes, and a current of 0.1 amp at 1 v was passed 
through the circuit. Resistivity of the wire between 
the circuit terminal points was thus measured. The 
wire was then pulled at a relatively constant rate 
through the contact tubes and voltmeter fluctuations 
noted. The difference between the measurements 
obtained on the stationary and moving wire was 
attributed to contact resistance at the wire-contact 
tube interfaces. A curve which indicates the results 
obtained for various cast diameters is included = in 


Fig. | Electrical components for resistance measurement 


Fig. 2. Enlarged view of specimen during test 
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Fig. a mie interesting to note that the resistance 
increases rapidly as the cast diameter increases above 
24 in. It should be pointed out here that larger cast 
diameters need not be detrimental to current transfer, 
provided the cast is constant, since only fluctuations 
in cast will cause trouble. Fluctuations in current 
transfer are more likely to occur in large cast diameters, 
however, because the lower pressures obtained at the 
contact tube-wire interface will cause slight traces of 
surface dirt, oxides, ete., on the wire to impede current 
transfer. A tighter cast, with its corresponding higher 
pressures at the current transfer point, will tend to 
eliminate somewhat the surface difficulties. The 
data obtained with the electrical test equipment 
indicated that a wire having a cast diameter of about 
20 in. would give a reasonably constant contact 
resistance and, therefore, an acceptably constant are 


length while welding. 


Effect of Wire Hardness 

The use of wire having the prescribed 20-in. diam 
cust in actual welding tests introduced a second 
variable. It was found that, although all wire speci- 
mens formed about the same diameter circle when a 
short length of wire was removed directly from the 
spool, the cast diameters changed markedly when 
softer wires were passed through the welding equip- 
ment. One specimen, which formed a = 16-in, diam 
circle as removed from the spool, changed to a 56-1 
diam circle after passage through the welding equip- 
ment. This change in set was attributed solely to low 


vield strength of the wire, since the welding machine 


was not changed in any way during the course of these 
tests. Deliberate misaligument of the equipment 
caused even greater variances in cast diameter. The 
tests performed with misaligned welding equipment 
indicated that wire having a minimum tensile strength 
of about 150,000 psi was required to prevent any 
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Fig. 3 Effect of wire set on contact resistance 


drastic change in wire set, and that wire having tensile 
strengths of any value above this established minimum 
would not be detrimental to the welding process 
Although for the sake of convenient measurement, the 
wire temper is expressed in terms of tensile strength, 
the proportional limit is without doubt the controlling 
factor. However, high-nickel alloy) wire with an 
ultimate strength of 150,000 psi appears to be assured 
of having an adequately high proportional limit 

The effect of wire helix was examined briefly. Helix 
is determined by suspending a 6-ft wire coil aloft and 
measuring the separation of the wire ends. No 


effect on the manually operated welding are was noted 


in. diam wire only. In view of field experience, it 
seems reasonable to assume that smaller-diameter 
Wires require the same hardness indicated for the 0.062- 
in. diam. However, the wire set should be tighter, 
since for a given set, the pressure at the current transfer 
point shall be less for the smaller wire. It is estimated 
that a wire set which will cause the smaller diameter 
wire to conform to a circle 12 to 15 in. in diam will be 
required for the current transfer point pressure to be 


similar to that of the O.062-in. wire. 


Conclusions 

In summary, the following conclusions are drawn 
from this project: 

Erratic burn-off behavior is caused) primarily 
by variations in the amount of current picked up by 
the wire as it passes through the contact tube. 

2. These variations in current occur because of 
fuilure to insure positive and intimate contact between 
contact tube and welding wire as the wire passes through 
the tube. 

3. The proposed remedy is to coil the wire to a 
specified diameter ‘‘set”’ or ‘“‘cast,’”’ so that the curvature 
of the wire, as it passes through the contact tube, 
forces the wire into intimate contact at the discharge 
end of the tube 

t. To insure that passage of the properly coiled 
wire through the welding machine cannot alter the 
“set,”’ the wire must be drawn to a hard temper. For 
the high-nickel containing wires, an acceptable hardness 
is attained in wire with a minimum tensile strength of 
about 150,000 psi. 

5. The wire must maintain this hardness throughout 
the entire coil and its bare surface must be extra clean 


by changes in helix from specimen to specimen; how- 
ever, adverse effects have been noted in the field when 
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automatic equipment is used. In such case, the wire 
moves out of the gun circulating in corkscrew fashion, 
causing what could be termed as a wandering weld 
bead. Holding the end separation, or helix, to a max- 
imum of 2 in. will reduce this problem to a minimum 


The entire work of this project concerned the 0.062- 
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Pipeways at General Aniline and Film Corporation's acetylene chemicals plant at Calvert City, Kentucky 


HANDLING AND USE OF ACETYLENE 
AT ELEVATED PRESSURES 


Operating experience has proven that Since this paper deals specifically with the handling and 


use of acetylene under elevated pressures, it may be 


large commercial installations can be 
operated safely with acelylene under 
pressure and al elevated temperatures 
provided the necessary handling 
precautions are strictly followed 

BY HANS BELLER 


Hans Beller is Manager of Special Projects at General Aniline & Film Corp., 
New York, N.Y 

Paper presented at the 1958 Annual Convention, International Acetylene 
Association, Philadelphia, Pa., March 19-21, 1958. 
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wise to start out with a definition of what we mean by 
the expression ‘elevated pressures.’’ Acetylene pre- 
sents, at pressures of a few pounds per square inch gage, 
complications in handling and engineering problems 
which are unique for a gas so widely used in industrial 
applications. tecent work published by the Germans 
indicates that the gas will decompose explosively and 
detonate at pressures even as low as O-1 psi gage, pro- 
vided the initiation energy which triggers the decompo- 
sition is high enough and the physical dimensions of the 
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system support the propagation of a flame front 

Unlike the pressures of 8000 to 10,000 Ib gage used, 
for example, in) hydrogenations and ammonia or 
methanol syntheses, the techniques which are available 
at present for the handling ol acetylene allow a safe 
upper pressure limit of, sav, a Tew hundred pounds per 
square inch only 

Two questions then arise. First, what makes the 
handling of acetvlene under such relatively low pres- 


sures different from that of other gases Second, why 
are we interested in the handling and use of acetvlene 
under pressure? 

Answering the first question, it is well known that 
acetylene is a highly unstable compound with a pro- 
nounced tendency to decompose into its constituent ele- 
ments, carbon and hydrogen \cetylene decomposi- 
tions proceed with the evolution of a large amount of 
heat. To be specific, 58.000 gram calories are set free 
for each 26 ¢ ot acety lene decomposed If this heat is 
hot properly dissipated, strong temperature and pres- 
sure increases will develop and the decomposition may 
propagate with explosive violence. Depending on the 
physical dimensions of the equipment confining the gas, 


the explosive decomposition may lead to a detonation. 


Why Pressure Acetylene? 


Before going mito a discussion of the explosive habits 
of acetylene and some of the counter-measures which 
can be taken, we will turn to our second question: why 
is the handling of acetylene undet pressure of practical 
interest and why is it necessary? 

We shall accept the time-honored method of filling 
and shipping acetvlene evlinders as a proven and safe 
method of handling acetylene under pressure. How- 
ever, nhew handling and usage problems have to be faced 
today which are outside the industry’s cylinder experi- 
ence 

Huge volumes of the gas are used daily for the pro- 
duction of a number of important chemicals. It is esti- 
mated that the chemical industry consumed approxi- 
mately two-thirds of the total of 635 million Ib of acety- 
lene produced in the United States in 1957. 

Hand in hand with the rapidly expanding chemical 
use of acetylene, a new and convenient supply system is 
being developed whereby the consuming industry does 
not generate its own acetylene any more, but demands 
and accepts over-the-fence delivery of the gas through 
pipe lines from a suitably located central producing sta- 
tion. The economics of such a system are obvious. 
The transportation and distribution of large amounts of 
acetylene through long pipe lines have therefore become 
a necessity which presents interesting and interrelated 
problems of economics and safety 

The logical approach for achieving a low transporta- 
tion cost for gas delivered through pipe lines is to in- 
crease the capacity of the distribution system by in- 
creasing its operating pressure. In many cases, the 
limits for the maximum operating pressure are given 
simply by the mechanical strength of the pipes used. 
Natural gas, for example, is being transported through 
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ever, the use of increased pressures can be applied to the 


pipe lines under pressures of up to L000 Ib gage. 


transportation of acetylene only with very severe limita- 
tions as to the permissible maximum operating pressure, 
the maximum pipe diameter and pipe lengths. These 
limitations are determined not by the mechanical 
strength of the pipe, but by the explosive behavior of 
acetylene under pressure. Unless the hazard level of 
transporting acetylene through pipe lines at pressures 
of, say, more than 15 psi gage can be improved by me- 
chanical devices or other means, we face the necessity of 
installing expensive multiple small-diameter pressure 
lines or large-diameter low-pressure lines which again 
present their own safety problems. As a result of this 
situation, the handling ot acety lene under elevated pres- 
sures has become of immediate interest to the acetylene 
producing and consuming industry 

The main interest in the handling of acetylene under 
pressure dates back as far as 1928, when Walter Reppe 
of I. G. Farben conceived and initiated a broad research 
and development program which was based on the use of 
acetylene under pressures of up to several hundred 
pounds per square inch and at temperatures up to 200° 
C and above. A thorough understanding of how to 
handle acetylene under such severe conditions was re- 
quired before the new techniques could be applied safely 
in production units, and Reppe took the initiative to 
carry out the necessary Investigations to develop suit- 


able operating methods. 


Explosive Behavior of Acetylene 


Let us now take a closer look at the explosive behavior 
of acetylene. Once a decomposition has started, for 
example, due to a sufficiently high local temperature 
increase of the gas caused by a spark, propagation of the 
decomposition may or May not occur in the system de- 
pending on a number of factors. Assuming a flame 
front has been established in a pipe, then the rate of 
propagation will depend on the initial pressure and 
temperature in the line as well as on local conditions 
such as the pipe diameter and the rate of flow. The 
heat loss on the walls of the pipe through which the 
flame proceeds reduces the temperature of the flame and 
the flame velocity. A decrease in flame velocity nat- 
urally increases the heat loss through the walls so that, 
under certain ideal conditions, a flame front in a pipe 
line may become stationary or even extinguished. 

During a fast decomposition of acetylene, a flame 
front and a separate shock or pressure front are pro- 
duced. These fronts transfer energy to other adjacent 
acetylene molecules and cause them to decompose, thus 
supporting and spreading decomposition. 

The influence of the mechanical flow of the gas 
through a system is of importance particularly when we 
have turbulent flow. In turbulent combustion, the sur- 
face of the flame front is increased due to pulsation. 
The flame velocity increases with increased turbulence, 
increased density and increased temperature of the un- 
burned portion of the gas. Therefore, in case a flame 
does propagate through a pipe of sufficient length, the 
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Fig. 1 Experimental pipe setup for acetylene explosion 
tests 
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Fig. 2 Effect of ignition temperature on the limiting 
pressure for the decomposition of acetylene. (W. Reppe, 


Chemie und Technik der Acetylen-Druck-Reaktionen, Verlag 
Chemie, 1951) 


flame will accelerate due to the turbulence of the un- 
burned gas. This acceleration of the flame front may 
lead to the development of a detonation whereby the ig- 
nition of the unburned gas is caused by the high tem- 
peratures which develop due to the compression of the 
gas in the shock wave. Under these conditions, flame 
front and shock front have fused together. 

A slow acetylene decomposition may travel at a speed 
of one or several inches per second, whereas an explosion 
wave will propagate at an initial speed of 10 to 15 fps. 
Detonation waves travel several times faster than sound 
and have been measured at about 6000 fps. 

Experimental acetylene decompositions carried out 
under controlled conditions have indicated that explo- 
sions give pressure rises up to about 10-12 times the 
initial pressure, while detonation pressures may reach 
100-200 times the initial pressure. The peak pressures 
observed with explosions or detonations of acetylene de- 
pend markedly on the kind of ignition, the initial con- 
ditions of pressure and temperature, and the diameter 


and proportions of the vessel containing the gas. 
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Fig. 3. Effect of vessel diameter and initial pressure on 
decomposition of acetylene 
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Fig. 4 Effect of initial gas temperature and pressure on 
decomposition of acetylene 
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Fig. 5 Effect of initial pressure and tube diameter on peak 
pressure developed during an acetylene decomposition 


Explosion Limits 

The data on explosion limits, which are shown in the 
accompanying figures and which illustrate some of the 
statements just made, are taken mostly from the litera- 
ture and from experimental work done at General 
Aniline’s Central Research Laboratory at Easton, Pa 
It must be clearly understood that these data which de- 
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fine conditions under which acetylene will or will not 
explode must be considered relative and are valid only 
for the specific test conditions. 

The usual arrangement for studying the explosive 
characteristics of acet ylene-containing systems is shown 
in principle in Fig. 1. A pipe of definite length and 
diameter, flanged off on both ends, is filled with acetylene 
or acetylene-containing gas mixtures under a definite 
pressure. Decomposition is then initiated by elec- 
trically fusing a wire inside the tube. Pressure and 
temperature rises are observed and recorded at suitable 
locations with instruments which are not shown on this 
particular illustration. 

Figure 2 shows the effect of ignition temperature and 
of the initial pressure on the decomposition of acetylene 
Wires of various metals were electrically fused and 
served as the source of ignition, and pressure intervals 
of 0.15 psi were used to obtain accurate decomposition 
pressures. The melting temperature of the wire mate- 
rial used gives an indication of the energy necessary to 
initiate decomposition at the pressure indicated. The 
curve shows clearly that the higher the level of ignition 
temperature, the lower the initial pressure which can be 
tolerated 

Figure 3 shows the effect of the diameter of the gas- 
containing vessel and of the initial pressure on the de- 
composition of acetylene. The experiments were car- 
ried out by Reppe in 10-50 ft long pipes of various di- 
ameters. The curves show that, from about 9 in. diam 
up, the diameter has little effect on the initial pressure 
necessary Tol decomposition, leveling out at about 1.4 
atmosphere absolute. The curve for acetylene satu- 
rated with water parallels the dry curve at a somewhat 
higher pressure. This result is due to the dilution effeet 
of the water vapor. 

Figure 4 shows the relationship of temperature and 
pressure at which decomposition will occur. The dry 
us will decompose at lower initial pressures ais the 
temperature increases. For acetylene saturated with 
water vapor, the safe maximum pressure increases with 
increasing temperature because of the effect of the water 
vapor which reduces the acetylene concentration in the 
mixture as the temperature increases. The experiments 
were carried out in a vessel TL in. long and 11 in. in 
diam 

Figure 5 shows the influence of the initial pressure and 
of the tube diameter on the peak pressure developed 
during an acetylene decomposition The eurves show 
clearly that, starting with the same initial pressure of 
Say 10 atmospheres gage, the peak pressures will be 
higher with an increase in the diameter of the tube. 
The differences shown are considerable, if one considers 
that the tube diameters increase only from 10 mm to 
12.5 mm and finally to 16mm. 

The influence of the length of an acetylene-carrying 
pipe on the peak pressure obtained in a decomposition 
has been carefully checked by a number of investigators. 
It may be sufficient to say here that some excellent in- 
formation was published in this country a little over a 
year ago! which indicates clearly that, once a flame front 
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has been established across the diameter of a tube, and 
tube diameter and system pressure are large enough to 
permit detonations, explosions and detonations must be 
expected to follow provided the tube is sufficiently long. 
The minimum tube length necessary to let a decomposi- 
tion accelerate into an explosion or detonation depends 
primarily on the initial pressure and may vary from a 
few feet at pressures around 100 psi to several hundred 


feet at pressures of say 15 psi absolute 


Safe Handling of Acetylene Under Pressure 

It appears impossible to remove the inherent ex- 
plosive characteristics of acetylene without changing its 
chemical identity Therefore, the approaches to the 
safe handling of acetylene under pressure either attempt 
to eliminate completely the possibility of decompositions 
or to localize and slow down unavoidable decomposi- 
tions to the extent that they cannot degenerate into ex- 
plosions or detonations 

Two different methods have been developed so far 
which provide a reasonably satisfactory degree of satety 
for the handling of acetylene under pressure, both tech- 
niques having, in principle, originated with Reppe and 
his co-workers. The first method relies on the fact that 
a certain definite minimum concentration of acetylene 
must exist in a given system in order to allow a de- 
composition to get started. Weeping the concentration 
of acetylene below this minimum concentration, for ex- 
ample, by means of a diluent gas, we obviously arrive at 
a safe system in which the usual thermal ignition sources 
cannot initiate decomposition. It was originally felt 
that the partial pressure of acetylene in a system would 
be sufficient to define the safe limit of concentration. 
However, Fig. 6 shows that the type of diluent gas exerts 
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Fig. 7 Effect of various gaseous diluents on the limiting 
pressure for decomposition of acetylene. (U. S. Dept of 
Interior, Bureau of Mines, R. |. 4196) 
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Fig. 8 Limiting pressures for decomposition of acetylene- 
nitrogen mixtures of different temperatures 


a large influence on the safe concentration of acetylene 
in pressure systems. As can be seen, a gas mixture con- 
taining 50°) by volume acetylene and 50° by volume 
hydrogen shows a safe pressure limit of 60 psig, while a 
50 50 mixture of acetylene and methane shows a safe 
pressure limit of 200 psig. 

Figure 7 is taken from an early Bureau of Mines re- 
port? and shows essentially the same picture, indicating 
that various gases behave quite differently as diluents. 
It should be noted that the data indicate a considerable 
superiority of butane and propane as diluent gases over 
natural gas, carbon dioxide and others. For example, 
acetylene containing 30 volume percent of propane can 
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Fig. 9 Schematic flow sheet for vinylation process using 
the vapor-dilution technique 


be safely handled up to a pressure of 100 Ib gage, 
whereas acetylene containing 30 volume percent of na- 
tural gas instead of propane will become unsafe to han- 
dle at pressures above 45 lb gage. These differences are 
so pronounced that we must assume that certain diluent 
gases are capable of exerting a definite stabilizing effect 
on acetylene under pressure. 

As in the ease of undiluted acetylene, the temperature 
of a diluted system has some influence on the safe limit- 
ing pressure. Figure 8 shows this influence for an 
acetylene-nitrogen mixture at various concentrations 
and temperatures. A mixture containing, for example, 
10 volume percent acetylene and 60 volume percent ni- 
trogen will not decompose under pressures up to 250 psi 
when triggered at 15° C, whereas at 100° C the maxi 
mum allowable pressure drops to about 145 lb gage and 
at 200° C toabout 1151b gage. This behavior is of par- 
ticular interest for acetylene reactions carried out at ele- 
vated temperatures where a source of ignition may trig- 
ger an explosion which cannot be initiated at room 
temperature. 

The dilution or stabilizing technique just described 
permits the handling and use of acetylene under pressure 
with a satisfactory degree of safety and has been in suc- 
cessful commercial use on a large scale for quite some 
time. It should be noted, however, that the dilution 
technique has the disadvantage that, in pressure re- 
action systems using this method, acetylene is effective 
only to the extent of its partial pressure existing in the 
system. That is to say, for example, that a reactor op- 
erating under a total pressure of 200 psi and using a 
50/50 by volume mixture of acetylene and nitrogen, op- 
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Fig. 10 Arrangement of filler tubes within pipes. (Fiat 
Final Report 926) 


erates actually, as far as the reaction kinetics are con- 
cerned, under an acetylene pressure of 100 psi. In order 
to improve this situation, variations of the stabilization 
technique have been introduced, whereby the dilution 
of the acetylene to the proper safe concentration is ef- 
fected by means of vapors of organic compounds enter- 
ing into reaction with acetylene such as the lower ali- 
phatic alcohols, or of vapors of solvents necessary in the 
reaction such as hydrocarbons. 

It is obvious that, in acetylene systems containing 
vapors of organic liquids as stabilizers, the temperature 
becomes a very important factor due to the critical in- 
terrelation of the partial pressures of acetylene and of 
the organic liquid. 

Figure 9 shows a schematic flow sheet for a vinylation 
process using the vapor-dilution technique. Acetylene, 
under slightly elevated pressure, flows from a gas holder 
through a washer and dryer into a buffer tank and, from 
there, into a carburetor where it is mixed with vapors of 
a lower aliphatic alcohol, in this case methanol. The 
gas which now contains sufficient diluent to make it safe 
under the final operating pressure is subsequently com- 
pressed and led over a preheater into the reaction tower 
filled with catalyst and excess methanol. Reaction 
takes place between acetylene and methanol at the ele- 
vated temperature and pressure and the methyl-vinyl 
ether formed leaves the reaction tower over a back 
pressure valve together with unreacted excess methanol 
vapor. The condensation and degassing of the methyl- 
vinyl ether-methanol mixture take place after the 
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pressure is released to practically atmospheric pressure. 
Unreacted acetylene is recycled to the buffer tank and 
excess methanol is separated from methyl-vinyl ether in 
a still, from which the alcohol is recycled over a make- 
up tank to the reactor, or carburetor. In this case, the 
use of compressed acetylene diluted with an inert gas 
such as nitrogen or propane has been replaced with ad- 
vantage by the use of compressed acetylene stabilized 
with the proper amount of methanol vapor which is one 
of the reactants. 

The dilution technique, which depends entirely on the 
prevention of explosive decompositions under all con- 
ditions, cannot be applied in the many cases where 
100°% acetylene must be handled under pressure, and 
dilution with other gases or vapors is not possible. 
Since the prevention of decompositions under all con- 
ditions is then practically impossible, we must become 
satisfied with a compromise solution which accepts oc- 
casional decompositions but localizes them and prevents 


their propagation and degeneration into detonations. 


Filler Tubes and Raschig Rings 

This can be accomplished by means of large surface 
areas arranged within the gas-confining vessel. The 
large surface areas will absorb the heat energy of an in- 
cipient decomposition at least to such an extent that a 
detonation wave cannot develop any more. As noted 
earlier, the pressure increase of a decomposition depends 
toa remarkable extent on the diameter of the vessel and 
for example, 10-mm diam tubes permit a decomposition 
starting under an initial pressure of 150 lb absolute to 
propagate over about 100 ft without detonating. 

teppe’s investigations have shown that, in a pipe of 100 
ft length and 4 in. diam and filled with 0.4-in. diam 
tubes, an acetylene decomposition initiated at pressures 
up to 80 lb absolute will not travel through the whole 
length of the pipe. In the same setup and at an initial 
pressure of 125 lb absolute, the final explosion pressure 
increase will be only about 10 fold or about 1250 Ib ab- 
solute. 

An effect very similar to the one obtained with small 
diameter tube bundles can be obtained with metal 
Raschig rings whereby the arresting effect of the pack- 
ing becomes greater as the Raschig rings become smal- 
ler. Figure 10 shows the arrangement of filler tubes of 
various diameters within pipes. The filler tubes are of 
15 mm or 10 mm outside diameter and have a wall 
thickness of 1 mm. They are spot welded at various 
points to prevent movement within the carrier pipe. 

Figure 11 shows the packing of pipes and pipe bends 
with tubes and Raschig rings. 

The explosion-arresting effect of a tube bundle placed 
within a large pipe can be explained by the disturbance 
of the heat-transfer mechanism resulting from the re- 
placement of a single large flame front by many small 
fronts. A flame front in a tube has approximate y the 
form of a hemisphere. The ratio of the heat formed by 
decomposition within the hemisphere to the quantity 
of heat permeating the surface of the hemispherical 
flame front becomes the more disadvantageous as the 
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Fig. 11 Arrangement of filler tubes and Raschig rings 
within pipes and pipe bends 
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radius of the corresponding sphere becomes smaller. 
Therefore, no stable flame fronts can exist any more 
within certain radii. 

The value of suitably sized Raschig ring layers or 
packings as explosion arresters was again demonstrated 
recently at the Chemische Werke Huels in Germany* 
where it was conclusively shown that acetylene ex- 
plosions, and even detonation waves traveling through 
12-in. diam pipes can be safely arrested in water- 
sprayed or dry Raschig ring towers of proper design. 
Equipment Design 

When working with undiluted acetylene under pres- 
sure, decompositions and localized explosions must be 
reckoned with. Large free volumes existing in a re- 
actor or a piping svstem must, therefore, be packed with 
steel Raschig rings and all pipes of | in. diam or greater 
must be filled with bundles of tubes '/s in. or less in 
diam. The pressurized system should be maintained at 
the lowest possible pressure and the lowest possible 
temperature, and dilution of the acetylene should be 
employed where possible. 

Since the pressure increase resulting from an ex- 
plosion is usually about 10 to 12 times the initial pres- 
sure, all parts of the equipment must be designed to 
stand the expected peak pressures. The use of welded, 
or flanged and back-welded connections is recommended 
as is the use of extra heavy seamless pipe, preferably 
stainless steel. Valves and other control instruments 
should be of the slow-moving type, and all ignition po- 
tentials which could create local temperature increases 
should be avoided. Provisions should be made for a 
quick release of the compressed gas to the atmosphere 
and for flooding the system with an inert gas such as 
nitrogen. 

Recent investigations carried out at Chemische 
Werke Huels in Germany indicate that the use of ex- 
plosion or rupture disks may have little or no effect as 
far as the arresting or delaying of acetylene explosions 
or detonations is concerned. 

The test runs were carried out at only a few pounds 
gage pressure and indicated that a rupture disk ar- 
ranged perpendicular to an oncoming shock wave would 
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rupture, whereas a disk parallel to the shock wave would 
only be distorted. Although a great part of the energy 
of the shock wave was released into the open through 
the ruptured safety disk, chances were that another 
detonation wave would start again beyond the rup- 
tured explosion disk. 


Acetylene Compressors 

Two types of compressors are in use for compressing 
acetylene: (1) a piston type specifically designed for 
handling acetylene and (2) the water-ring type. The 
well-known piston-type compressor which is being used 
for pressures up to 300 to 450 psi, employs certain satets 
features such as slow compression strokes, lower com- 
pression ratios than for other gases, submersion of the 
entire evlinder case and intereoolers in a water bath, 
and safety valves at each compression stage. All these 
features are intended to avoid local overheating of the 
gas giving rise to possible decompositions. 

The water-ring compressor accomplishes the com- 
pression of the gas by means of water traveling rapidly 
around an oval case impelled by a multi-bladed rotor 
The water moves back and forth between the rotor 
blades like a piston as the rotor turns. Water passes 
continually through the compressor and since the water 
and gas are intimately mixed, good cooling Is Thlalli- 
tained. The compressor runs at constant temperature 
and the gas leaving the compressor is saturated with 
water vapor. 

The instrumentation of acetylene compressors should 
be designed to give protection against undesirable pres 
sure and temperature conditions. Sensitive low-pres- 
sure cut-out switches must be provided on the suction 
side in order to stop the compressors in case the pressure 
in the feed line drops below atmospheric, in which case 
air could be sucked into the system. High-pressure and 
high-temperature cut-out switches should be provided 
to give protection in case the compressor cooling system 
fails or high pressure drops develop. 

It is clear that, in case the dilution technique is em- 
ploved, the pressurized system is safe only as long as the 
concentration of acetylene is kept below the permissible 
maximum. The gas being fed to the compressor must, 
therefore, be continually analyzed and the composition 
of the mixture instantaneously recorded so that dan- 
gerous increases in the acetylene concentration are 
recognized in time. Infrared gas analysis has been 
found to give reliable and immediate indication of 
changes in the composition of the gas feed to the com- 
pressors. The infrared analyzers and recorders should 
he set to give proper warning and to stop the com- 
pressors automatically in case undesirable acetylene 
concentrations are approached in the system. 

Operating experience has proved that large commer- 
cial installations can be operated safely with acetylene 
under pressure and at elevated temperatures provided 
the necessary handling precautions are strictly followed, 
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Fig. 1 Hydrogen conveyor furnaces for alloying germa- 
nium with other transistor elements 


Fig. 2. Hydrogen-oxygen fired rotary sealing machine for 
forming glass-kovar diode capsules 


WELDING PRODUCTS PLAY IMPORTANT 
ROLES IN DEVELOPMENT AND PRODUCTION 


OF TRANSISTORS 


BY ROBERT INGRAHAM AND J. F.BUERKELL III 


Semiconductors have come a long way from the first 
crude crystal detectors of early radio communication. 
Advances in electronics technology have changed what 
was hardly more than a “cat’s whisker’of tungsten 
wire pressed against a piece of mineral, into a fine, 
accurate device as precisely made in every part as an 
expensive Swiss watch 

Svlvania Electric Products, Inc. manufactures semi- 
conductors at a modern plant at Hillsboro, N. H., 
with all the refinements of exact quality control observed 
from raw material to finished products. 

Manufacture of refined germanium crystal is the 
first--and probably the most important stage— in 
producing perfect transistors. These crystals must be 
as free of impurities as it is possible to make them. 
Control of the electrical characteristics of the finished 
transistor depends on the initial purity and the intro- 
duction of chemical agents. 

At Hillsboro, ingots of germanium are first placed in 


horizontal zone purification equipment. Subjected to 


Robert Ingraham is an engineer at Sylvania Electric Products, Ine Hills 
ber N. H.. and J. F. Buerkell IIL is a techr representat Air Reduce 
tion Sales Co., Boston District 
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induction heating in an atmosphere of forming gas 
(a mixture of nitrogen and hydrogen) these ingots 
become molten metal bars of germanium. As these 
bars are automatically moved through the furnace, the 
impurities in each bar tend to migrate to one end. 
After cooling, these impurities are cut off the end, leav- 
ing a pure polycrystalline bar of germanium. 

However, for transistors, a single crystal bar is re- 
quired. From the pure polycrystalline germanium 
bar, a single crystal is grown in a vertical induction 
furnace with an inert-gas atmosphere. The result is 
a single germanium crystal 99.999999°% pure, which 
is sliced into miniature dice, the heart of the transistor. 

Such gases as nitrogen, argon and hydrogen are used in 
these critical purification processes. 

Uniformly high quality is also maintained in the 
production of the other component parts of Sylvania 
transistors. Finest precision equipment is called upon 
to produce these miniature electronic units. For 
example, welding the cap to the base of the power 
transistor shown here calls for the utmost in welding 
finesse. A completely automatic gas-shielded tungsten- 


are welding unit meets these exacting demands. 


1097 


ae 


Fig. 3. Horizontal zone purification production of pure 
polycrystalline germanium in nitrogen-hydrogen atmosphere 


Fig. 5 Close-up of automatic inert-gas-shielded tungsten- 
arc welding of transistors 


The fine weld, | in. long, is performed on deoxidized 


copper joining the cap 0.025 in. thick to the base ' , in. 
thick at a speed of 150 ipm. So completely automatic 


is the operation that the operator merely starts the 


é 
Fig. 4 Completely automatic inert-gas-shielded tungsten- 
arc welding transistors. Operator starts cycle, controls 
equipment sequences and times fine, jewelry-like weld on 
deoxidized-copper transistor cap and base 


Fig. 6 Depositing 1-in. weld to join cap to base of tran- 
sistor 


weld cycle and the control equipment takes over, 
sequencing and timing the joining operation. A! y»-in., 
2° thoriated-tungsten electrode is used with argon for 
the shielding gas. 


1958 SPRING MEETING ABSTRACTS AVAILABLE 


Complete set of abstracts of the papers presented at the 1958 AWS Annual 
Spring Meeting in St. Louis, Mo., is now available at $2.00 per copy. Address your 


order to American Welding Society, 33 West 39th Street, New York 18, N.Y. 
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THREE TIMES FASTER WITH MAGNETIC-FLUX 
GAS-SHIELDED ARC WELDING 


BY H. C. HOGUE, Jr. 


Magnetic-flux gas-shielded are welding has increased 
welding speed by more than 500°) in the production 
of rock-crusher parts at LFM Manufacturing Co., 
Atchison, Kan 

The parts are cast from plain-carbon steel at the 
LEM plant 


used: (1 to repair any surface defects developed during 


Magnetic-flux gas-shielded welding is 


casting and riser removal: and 2) to build up ribs on 
“pitman” rocker arms 

Overall, the deposits average nine pounds of metal per 
man-hour, reaching i peak deposit of 12 Ib per manh- 


hour, in the flat position This is compared to an 


average of only 2 


Ib per man-hour with the covered- 
electrode welding process used previously 

Several products and processes play itn 
important part in the step-by-step production of the 
crusher parts. “The carbon steel —with a 0.20 to 0.25% 
carbon range is produced in a 12-ton electrie furnace 


at LEM 


Oxvgen is used to reduce the carbon in the 


H. C. Hogue, Jr. is welding sales engineer, Linde Co., Kansas City, Mo 


Fig. 1 Under pressure of 100 psi, 99.5% pure oxygen is 
fed into a 12-ton electric furnace to reduce the carbon 


content of the steel. The operation lasts 5 to 7 min. 


Fig. 3 Operator builds up the ribs on a crusher "pitman,”’ 
using a magnetic-flux gas-shielded arc-welding machine and 
a suitable carbon-steel wire 
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steel from about 0.30°¢ to the required amount (Fig. 1). 

Direct oxygen injection, the fastest method of de- 
carburization, reduces the total refining time per heat 
and affords greater quality control resulting in higher 
quality steel 

Once the castings have been made, the next step is 
to remove the miussive risers Using an oxygen- 
cutting torch, an operator severs the 10-in. diam risers 
in less than two minutes cutting time aplece (Fig. 2) 

Following riser removal, any casting or cutting 
defects must be repaired and the ribs built up on the 
crusher “pitmans” (Figs. 3 and 4 These problems 
are solved with a magnetic-flux gas-shielded welding 
machine and a suitable carbon-steel wire, $ 32 and 
The welds are made in both flat and 


vertical positions using current settings of 300 amp, 


64 IN diam 


direct current, reverse polarity, in the flat position and 
200 amp direct current, reverse polarity in the vertical 
position 

The crusher castings are then cleaned, packed and 
shipped to customers around the world. 


Fig. 2. Using an oxygen-cutting torch, an operator removes 
risers from a crusher “pitman.” The 10-in. diam risers 
are sliced through in less than two minutes cutting time apiece 


Fig. 4 Increasing welding speed by more than 300%, 
magnetic-flux gas-shielded arc welding is used to repair 
defects in the frame of a huge cone-type rock crusher 
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Fig. 1 Completed lengths of welded-aluminum irrigation pipe 


1500 FEET OF PIPE AN HOUR 


BY O. D. SMART, JR. 


One highly efficient production line, utilizing mecha- 
nized inert-gas-shielded tungsten-are welding, produces 
1500 ftan hour of welded irrigation piping at Kroy Metal 
Products, York, Neb. From one roll of aluminum 
sheet, this company produces a mile of pipe in just 
hr. 

The unique machinery, designed by Gordon and 
Morgan Machine Co., Lincoln, Neb., forms, welds, 
finishes and cuts the pipe in one continuous production 
line. The pipe-mill equipment handles 4-, 6- and 
8-in. diam pipe at various metals—tungsten-are 
welded at a speed of 300 ipm. 

A roll of 0.051-in. thick aluminum sheet is fed into 
the machine (Fig. 2). 
rollers form the sheet into an 8-in. diam eylinder 
(Fig. 3). 


As the edges are power-brushed, 


The edges are held closed by rollers as the 


O. D. Smart, Jr. is welding sales engineer, Linde Co., Kansas City, Mo 


Fig. 2 Start of production: a roll 
of 0.051-in. thick aluminum sheet is 
fed into the machinery to be formed 
into welded irrigation piping 
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Fig. 3 After the edges have been 
power-brushed, the 8-in. diam pipe 
is tungsten-arc welded 


pipe passes under a water-cooled tungsten-are torch 
and is fusion welded (Fig. 4). 

Three 250-amp power units are stationed above the 
machinery. They are wired in parallel to supply the 
100 amp, alternating current, high frequency, necessary 
for welding. 

A 5-ft long stationary piece is positioned a short 
distance in front of the tungsten-are torch and is 
inserted through the still-open pipe. It supports 
rollers which cold work the weld for added strength. 
Postweld finishing is done continuously to provide a 
smooth surface. 

As the final step in the operation, a mechanical 
cutting device, mounted on a carriage and moving at 
the same rate as the pipe, automatically slices the pipe 
into pre-set lengths. And the tungsten-are welded 
pipe is ready for shipment (Fig. 1)... produced at a rate 
of 1500 ft an hour. 


~ 


Fig. 4 This “checking’’ operator can 
adjust the mechanized tungsten-arc 
torch to compensate for any pipe 
variations 
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STAINLESS SOFT SOLDER SAVES FREON LOSS 


BY WILLIAM HAWKER 


This is a repeater on the Dutch boy’s finger in the dyke 
But the scene is not in Holland 

A number of Grace Lines’ ships are refrigerated to a 
substantial degree to carry perishable produce Ona 
voyage northbound from West Coast South American 
ports, cargos often include many hundreds of tons of 
bananas loaded at Ecuador for delivery in New York 

Kev to trafic in bananas is, of course, temperature 
control. This is supplied, on a typical Class C-2, by 
a cold plant capable of making 576 tons of ice during 
au 12-day voyage. It keeps bananas and other perish- 
able eargo nm hibernation until arrival at the market 
place 

The refrigerant is freon Ib at SLOSS 
worth. It is distributed to the separate holds under 
pressure. The distributor is a complex spider of 
manifolded copper piping fabricated in place. The 
final assembly joint is one that is very tricky where, 
us ina recent instance, repair of it has to be done under 
circumstances that limit the heat source to an air- 
acetylene torch. 

In a first try at repair, 50-50 solder had been applied. 


But, as shown by the surface gobs in Fig. 1, it remained 


trict Engineer and Marine Specialist at All-State 


William Hawker is D 
Welding Alloys Co., Ine 


Fig. 1 50-50 solder wasn’t thin 


enough to flow into and seal close- 
fitting joint 
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Single nickel’s worth proves little can do a lol 


in body of distributor 
for purpose of admitting solder to seal 
joint with manifold header 


Fig. 2. Note hole 


on the outside. It wasn’t thin enough to flow into and 


seal the close-fitting joint. The leak of freon was not 
stopped. 

It was then decided to use a strong, free-flowing, 
low-temperature stainless soft solder. The alloy se- 
lected is applicable on any combination of steel, stain- 
less steel, copper and copper alloys, nickel and nickel 
On copper to copper joints it develops 14,000 


alloys 
It melts and flows freely 


psi tensile, 11,200 psi shear 
at 430° F. 

The 50-50 solder was cleaned off 
can be seen the hole designed in the body of the distribu- 


note Fig. 2in which 


tor for the purpose of admitting solder to seal the joint 
with the manifold header. 

Figure 3 shows the stainless soft solder being applied. 
The air-acetylene flame was hot enough to heat the 
whole joint past 430° F all the way around. The 
solder wire was then fed into the hole where, as it 
melted from base-metal heat, it flowed all around in- 
side. 

Total time to seal the joint and stop the leak, in- 
cluding bringing joint up to heat and cooling, was 
less than five minutes. Total of */s:-in. wire used: 
tin. Saved the freon 

Cost for solder and nonacid flux: about a nickel. 


Finger in the dyke! 


Fig. 3 Stainless soft solder being 
applied. Air-acetylene flame was hot 
enough to heat whole joint past 430° 
F all the way around 
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MORE FOR YOUR MONEY 


BY M. N. KONOSKE AND J. C. BELL 


If a businessman could increase his unit production 
from 50 to 300 per day, and at the same time slash his 
per-unit cost from $1.14 to 29¢, he wouldn’t waste any 
time doing it. And that’s what happened when 
inert-gas-shielded metal-are welding replaced covered- 
electrode welding at Fletcher Aviation Corp., 
Rosemead, Calif. 

The torch used weighs only 16 oz and can be 
employed to weld in all positions without changing 
controls or current settings. It uses 0.020- and 0.030- 
in. hard-drawn wires with a new low-voltage, short-are 
technique to join the 0.030- to '/s-in. thick steels. 

Fletcher Aviation has initially employed inert-gas 
metal-are welding in the production of tank-ejector 
units used to jettison aircraft auxiliary fuel tanks (see 
Fig. 1). These units are made from SAE 4130 steel by 
welding a base plate and head to a main cylinder. 
With the lightweight torch and a specially developed 
low-carbon wire 0.030 in. in diameter, speeds of 30 ipm 
at a current of 200 amp, 26 v, DCRP are realized. 

Main reasons for the savings realized were the 
high welding speed, semiautomatic operation and 
elimination of postweld slag removal. 

Previous cost with covered electrode was $1.14 


M. N. Konoske is Plant Superintendent, Fletcher Aviation Corp., Rosemead 
Calif., and J. C. Bell is a welding sales engineer, Linde Co., Los Angeles 
Calif. 


Fig. 1 Using a lightweight inert-gas metal-arc torch, a 
Fletcher Aviation operator joins a base plate to a main 
cylinder at a speed of 30 ipm. Process boosted the pro- 
duction of tank-ejector units from 50 to 300 per day and 
cut the per-unit cost from $1.14 to 29¢ when it replaced 
covered-electrode welding 


$1.12 for labor and overhead, plus 2¢ for consumables. 
Cost with the inert-gas metal-are process is 29¢ —19¢ 
for labor and overhead, plus 10¢ for consumables — 25°; 


of the previous cost. 


Tops 
in 
the 


The Welding Journal is the world’s most authoritative welding 
and allied process magazine; it has fully 2% limes the editorial 
content of any competing magazine; il is unequalled in 
coverage of welding engineering, research and application. 


If you have a product for the welding or allied industries, the 
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MAGNETIC-FLUX GAS-SHIELDED WELDING 
SPEEDS PRODUCTION 400% 


BY CLAUDE ELLIOTT AND MICHAEL MISKO 


Magnetic-flux gas-shielded are welding has slashed weld- 
ing time to 25%, of that previously required with manual 
covered-electrode welding in the production of large 
electric-furnace components at the Leetro Products 
Division of MeGraw Edison Co., Pittsburgh, Pa 

This process for welding steel has also minimized 
spatter and prevented Warpage to such an extent that 
it has eliminated costly, hydraulic-press straightening 
of the finished assemblies straightening that was 
necessary with the previous welding method. 

The 20-ft electric-furnace assemblies resemble a metal 
sundwich: a heavy, 13-in. diam, 1 -in. thick tube, 
sandwiched between two huge wide. 2 
thick steel plates The tube is machined flat on two 
sides to match the plates 

Prior to welding, the various pleces which are made 
from 4140 steel are assembled, clamped and preheated to 
500° with natural gas (see Fig. After tack 
welding, two operators weld simultaneously, starting 
at the center and working toward the ends in order to 


prevent distortion (see Pigs. 5 and 4 


Claude Elliott is General Superintendent, Lectro Products Division of Me 
Graw Edison Co., Pittsburgh, Pa., and Michael Misko is a welding sales 
et rgh, P 


Fig. 1 Magnetic-flux gas-shielded welding speeds produc- 
tion of electric-furnace components by 400% at McGraw 
Edison. The preheat burners under the weldment heat the 
pieces to 500° F with natural gas 
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Both operators use a magnetic-flux gas-shielded weld- 
ing machine and a special medium-carbon steel welding 
wire, in. diam, at a current of 425 amp, 31 v, 
DCRP 

Interpass cleaning previously needed on this appli- 
cation, is not necessary with magnetic-flux gas-shielded 
welding 
the in. fillets has been reduced from three to two. 


\lso, the number of passes required to make 


To eliminate warpage, the initial pass is followed by a 
The fused flux detaches 


finishing pass on each seam 


Fig. 2. The fused flux lifts off the weld by itself, revealing 
clean, smooth welds. Note the extraordinary absence of 
spatter in this heavy weldment 


Fig. 3 With the tube and side plates clamped in position, 
two operators weld simultaneously. To prevent distortion, 
they start at the center and work toward the ends of the 
piece 
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itself upon cooling and no chipping is needed. The 
resultant welds are smooth and uniform, have deep 
penetration, and their overall quality is high. (see 
Fig. 2). 

Since the introduction of the new welding process at 
MeGraw Edison, the time required to weld these assem- 
blies has been reduced from 106 to 26 man-hours. 
The resulting savings in time, labor and over-all costs 
have been an outstanding contribution to production 


efficiency. 


Fig. 4 Magnetic-flux gas-shielded 
arc-welding torch shown joining electric- 
furnace components 


WELDED-STEEL RESIDENCE FRAME “FLOATS” 
ON CONCRETE PIERS 


tigidity, permanence and elimination of wall cracking 

due to settling are characteristic of the rigid-steel 
frame for structures, both residential and commercial. 
Any frame, however, is at the mercy of its foundations, 
so the Watson Foundation Co., Ine., Fort Worth, 
Tex., conceived an innovation in home foundations. 
They decided to set base members of the welded frame 
for a new 2400 sq ft residence on 42 cylindrical concrete 
Caissons or piers. 

These piers, as Fig. 1 shows, are sheathed in a non- 
metallic lining material which prevents bonding to 
adjacent earth, and extend down 9 ft to bedrock. 
Being well below the water table and firmly supported, 
any movement of the subsoil due to freezing, thawing, 
changing moisture content, etc., cannot disturb the 
foundation piers or the surmounting house frame. 
The frame base, with outer members fabricated from 


elded together, along with the central I-beam joist 
of a 2400 sq ft residence, the base members being shown 
is held to the piers by lag bolts set into the concrete on here. They rest on cylindrical foundation piers which 


the top surface. extend down 9 ft to bedrock, impervious to soil movements 


longitudinal angles and diagonal bracing angles are 


The principle is new to residence construction, but 
actually is a modification of the system employed for 


many skyscraper foundations. Masonry walls of the ‘evel 
erebyv kee g thee ‘e structure ‘e ground level, 
house, as well as a large fireplace, are supported on a ther ry k 
e residence uesti Si ‘ee-bedar 1, 
steel apron welded to the lower base angle of the frame, rh 
bath brick-veneer design. Since occupancy, there has 


Based on a story by The Lincoln Electric Ce eland, Ohio been ho sign ol settling or wall cracking. 
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In this issue of Toe W ELDING JoUR- 


vou will find the full text of tem- 


NAI 

porary bvlaws approved by your 
Board of Directors at meetings held 
April 17, 1958 and June 5, 1958. Thess 
revised bvlaws, prepared by the Con- 
stitution and Bylaws Committee, give 
effect to suggestions ce veloped by a 
special committee ol the Joard ol )i- 


began 


study which three 
The work of this Organiza- 


rectors in a 
vears ago. 

tion Structure Committee was deseribed 
in an article published in the last issue of 
the JourRNAL. All 
review 


members are re- 


quested to that article once 


again 
The suggested changes are designed to 


eth 


organizational structure 


| 
iency within. the 
ot the 
and to assure that those who have served 
the Socrery 
its policies and plan its activities 
Ballots will be 


promote greater 


SOCIETY 
chosen to establisl 


will 


all members 


mailed to 


early in December Keep this issue for 
revterence when vou mark this ballot 
The actual changes may be summ 


rized as follows 

| Article VI 
Nominations. 
bers of District Nomination Committe: 
urrent Section officers 
and nominees for Distriet Director and 
Member of National Nominating Com- 
mittee to have certain qualifications 

(2) Article VIII. Entire Articl 
revised to provide for President, three 
Vice-Presidents without sen- 


District 


ised Lo require mem- 


section 7 


to be chose hn irom ¢ 


two 


(now 
rority. an appointed Treasurer, thirtee? 


(now twelve) Directors-at-Large, eleven 


District Directors with three (now two 
vear terms, a Secretarv and two (now 
thre Past Presidents as National 
Officers. The italicized words indicate 


changes. Minimum qualifications are 
given for each office 

(3 Article IX Add 
sentence relerring to qualific ations given 
in Article VIIT. 

1) Article X. Entire Article re- 
vised to conform to Article VIII and to 
provide top organization structure con- 
sisting of (a) the Board of Directors, (b 
an Executive and Finance Committee 


Section 


and (ec) four Functional Councils. Ad- 
ministrative, Technical, Districts, Pub- 
lication and Promotion. All of thes 


groups are made up of members of the 
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Text of Revised Bylaws Released by 


No 
changes in the duties listed for the vy 
ous National Officers. 

5) Article XII. Except for Section 


1 and for Sections 24, 25 and 26 which 


Board of Directors significant 


new Sections 25, 26 and 27, the 


Articl 


uniform 


become 
is revised to present in a4 
the 
and standing commit- 


entire 


manner organization and 


] 


scope of specia 
tees 

6) Articl XXII. Section ] 
Amendments The last sentence is 


slightly changed to avoid misinterpreta- 
tion and to provide an additional re- 
quirement 


Fred L. Plummer 
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Constitution and Bylaws 


ARTICLE VI 


Section 7. District Nominations 

Before July Ist the District Director, with 
the approval of the District Executive Com- 
mittee, shall appoint a District Nominating 
Committee consisting of a member from each 
Section in the District and two Members-at- 
Large, one of whom shall be himself and one 
of whom shall be the Chairman of the Dis- 
trict Nominating Committee of the vear 
previous, if available The members of this 
Committee who represent Sections shall be 
selected from among those who are currently 
Section Chairmen, Viee-Chairmen, Treasur- 
District 
Director shall designate the Chairman of this 


ers, or Secretaries. The current 
Committee from among those members who 
the 
year previous is not available, the District 


represent Sections If the Chairman « 


Director may appoint as Meriber-at-Large 
any individual from any of the Sections in his 
District who presently or in the past has 
served as Chairman of a Section. The District 
Nominating Committee shall report to the 
National Secretary not later than the first 
day of November of that year, the name of 
the nominee they have selected for District 
Representative on the National Nominating 
Committee to serve the following fiscal vear 
\ District Representative on the National 
Nominating Committee shall be selected from 
among those members in the District who have 
served as Section Chairmen, Vice-Chairmen 
Treasurers, or Secretaries or from among those 
who have previously held National Office. At 
the same time, in those vears when a District 
Director is to be elected, the Committee 
shall report its nomination for District Di- 
Special qualifications for this office 
are defined elsewhere in these Bylaws 
When reporting nominations to the National 
Secretary, the written acceptance of the 
nominees shall be included with the report 
and a brief biographical sketch of their 
nominee for District Director shall also be 
included. Each year the National Ballot 
for Nomination of Officers shall include the 
names of the nominees for District Director 
and for District 
National Nominating Committee as nom- 
inated by the District Nominating Com- 
mittee 


rector 


Representative on the 


Only District members, qualified to vote 
shall be eligible to vote for their District Di- 
rector and for their District Representative 
on the National Nominating Committee 


ARTICLE VIII 


National Officers, Terms of Office, and 
Special Qualifications for Office 


List of Officers 


The National Officers of the Society shall 
be a President, three Vice-Presidents, a 
Treasurer, thirteen Directors-at-Large 
eleven District Directors, a Secretary and 
two Past-Presidents 


Section 1. 


Section 2. President 


The President, after being duly nominated, 
shall be elected by the Socipty’s corporate 
He may 
at any time be re-elected for a term of one 
year, but in no case shall he serve in this ca- 
pacity for more than two years. To be eligible 
for this office, a candidate must have served 
as a National Vice-President for at least one 
year or served as any other National officer, 
other than Secretary, for at least two vears. 


membership for a term of one year 
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Section 3. Vice-Presidents 

Three Vice-Presidents without seniority, 
after being duly nominated, shall be elected 
by the Sociery’s corporate membership for a 
term of one vear Vice-Presidents may be 
re-elected for a second or a third term at any 
time, but in no case shall an individual serv 
more than three terms in this capacity. To 
be eligible for Vice-President, a candidate 
must have served at least one vear as a Na- 
tional Officer, other than Secretary 


Section 4. Directors-at-large 

There shall be thirteen Directors-at-Large 
Each year four Directors-at-Large, who have 
been duly nominated, shall be elected by the 
corporate members of the Society to serve 
for a term of three vears Every third vear 
an additional Director-at-Large shall be 
similarly nominated and elected to serve for a 
term of three vears. Directors-at-Large shall 
not be eligible for re-election to the same office 
until at least one full term of three years shall 
have elapsed after the end of their respective 
To be eligible for this office, a cz 


terms 
didate shall previously have held office as 
Chairman, Vice-Chairman 
Secretary of a section; as Chairman, Vice- 
Chairman, or Secretary of a National Stand- 


Treasurer, or 


ing, Technical or Special Committee; or as 
District Director or Director-at-Large 
Section 5. District Directors 

There shall be eleven District Directors, 
one from each of the Socrery'’s Districts 
District Directors shall be duly nominated and 
elected by their respective Districts for a term 
of three years. Distriet Directors from Dis- 
triets 1, 4, 7, 10 shall regularly be elected in 
the same calendar vear beginning with the 
election following the adoption of this By- 
law Districts 2, 5, 8, 11 shall regularly be 
elected in the calendar year following the 
forementioned District Directors, while 
those from District 3, 6, 9, shall regularly be 
elected in the next following calendar vear, 
or two vears after the election of District 1, 4, 
7, 10 Directors. An individual shall not be 
eligible for re-election to the same office until 
at least one full term of three years has 
elapsed following his term of service. To be 
eligible for this office, a candidate must have 
‘e-Chairman, Treas- 


served as Chairman, Vi 
urer, or Secretary of a section; as Chairman, 
Vice-Chairman, or Secretary of a National 
Standing, Technical or Special Committee; 
or as District Director or Director-at-Large. 
Section 5(a) (Temporary Bylaw) (to expire 
when all District Directors have been regularly 
elected in accordance with foregoing schedule) 
District Directors who are in office at the 
time of adoption of this Bylaw and who, 
under the previous Bylaw, have more than 
one year of the term to which they were 
elected remaining at that time, shall continue 
in office, but only until the first regularly 
elected Director for their district shall assume 
office under this Bylaw. For other Districts, 
candidates shall be duly nominated and 
elected at the first election following adoption 
of this Bylaw for interim terms of such dura- 
tion of one or two years as is required to fill 
the office until a regular election for that Dis- 
trict can be held in accordance with the afore- 
mentioned schedule. 

Other provisions of these Bylaws not 
withstanding, District Directors who serve 
interim terms or extended terms or who have 
had the terms to which they were elected 
shortened by this Bylaw change, shall be 
eligible for re-election to full terms of office, 
after which they become subject to all pro- 


visions of the new Bylaws 


Section 6. Past-Presidents 

Two Past-Presidents shall serve as Na 
tional Officers for terms of one vear each 
The immediate Past-President shall automat 
ically fill one of these offices and in the event 
of the immediate re-election of the Society's 
President he shall serve a second term of one 
vear The second Past-President Office shall 
be filled by appointment by the President 


elect from among other Past-Presidents. with 
the letter ballot approval of the incoming 


Board of Directors 


Section 7. Treasurer 

Phe Treasurer shall be appointed to office 
for aterm of three years Appointment shall 
be made by the President, with the approval 
of first, two-thirds of the total menibe rship of 
the Executive and Finance Committee (in 
meeting or by letter ballot) and second, the 
majority of the Board of Directors (in meet- 
mg or by letter ballot) The appointment 
shall be made by the January 31st prior to 
the June Ist at which the Treasurer is to take 
office To be eligible for this office, a candi- 
date must be a member of the Sociery, must 
be frequently available to National Head- 
quarters, and should be of executive status in 
business or industry with leanings or experi- 
ence in financial affairs. The Treasurer may 
be re-appointed for additional terms 
Section 8. Assistant Treasurer 

The Board of Directors may appoint an 
\ssistant Treasurer for a term of one year 
Section 9. Secretary 

\ Secretary shall be appointed by the 
Board of Directors for a term of one year 
Section 10. 

The Board of Directors may appoint an 
Assistant Secretary for a term of one year 


ARTICLE |X 


Nomination and Election of National 
Officers and Representatives 


Assistant Secretary 


Section 1. Eligibility for National Elective Office 

Members eligible for National Elective 
Office shall be Sustaining Members, Mem- 
bers, Honorary Members or Life Members 
They shall have been a Corporate Membe rof 
the Society for a period of at least three (3 
vears. In addition, the special eligibility 
requirements for particular offices as set 
forth in Article VIII shall be met 


ARTICLE X 


Management 
Board of Directors 

The affairs of the Society shall be managed 
by a Board of Directors consisting of the 
following Officers of the Society. President, 
three Vice-Presidents, Treasurer, thirteen 
Directors-at-Large, eleven District Directors 
and two Past-Presidents. The President 
shall serve as Chairman of the Board 


Section 1. 


Section 2. Duties of Board of Directors 

The Board of Directors shall have the 
power: 

(a) To manage the affairs of the Society, 
except as otherwise provided by law, or by 
these Bylaws. 

(b) To delegate to the Executive and 
Finance Committee general supervision of 
the Socrery’s affairs. 

(c) To purchase or otherwise acquire for 
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the SocieTYy any property rights and privi 
leges which the Societry is authorized to ac 
quire, or to dispose of such, at such prices 
and on such terms and conditions and for 
such considerations as they think fit 

d To appoint Executive Officers and 
fix their salaries 

(¢ To determine who shall be authorized 
to sign, on behalf of the Society, notes, re 

checks 
releases, any and all contracts and other docu- 


ind shall make such authorization 


ceipt acceptances, endorsements 

ments 
f To amend portions of the Bylaw 

accordance with the provisions of Article 


XXII 


(g To perform such other 


necessary to carry out the purpose o the 


SOCIETY 


Section 3. Vacancies in Board of Directors 

In each case of a vacancy occurring in the 
Board of Directors through de 
tion disqualification or other cause, the re 


ith, resigns 


maining Directors, by ballot, may elect or 
appoint a successor to hold office for the ut 
expired portion of the term of the retiring 
Director 
the Board of Directors does not exist. the 


and in the event that a quorum 0 


najority of the remain 


affirmative vote of a 
ing Directors shall become effective How 
ever, if the retiring Director is a District Di- 
rector then the vacancy shall be filled as pro 
vided for in Article VI, Section S 


Section 4. Executive and Finance Committee 
The Executive and Finance Committee is a 
committee of the Board of Directors and 
shall consist of the President as Chairman 
the three Vice-Presidents, each of whom 
Chairman of a functional council elsewhere 
established in Bylaws, the Past- 
President who is the Chairman of the Ad 


these 


ministrative Council elsewhere established in 
these Bylaws, the Treasurer, and three Di 
rectors The Directors who serve on this 
Committee shall be appointed by the Presi- 
dent with the approval of the Board of Di- 
rectors 


Section 5. Duties of the Executive and Finance 
Committee 

The Executive and Finance Committee 
upon delegation of power to act by the Board 
of Directors shall have general supervision of 
the Society's affairs. It shall supervise and 
control budgets, reserve and other funds 
member dues and benefits, and headquarters 
affairs. The four functional councils of the 
Board of Directors, described in the next sec- 


tion of this Article, shall report to this com- 
mittee. The following 
report to the Executive and Finance Com- 
mittee Manufacturers, Funds 
AWS Past-Presidents, Headquarters Hous- 
ing, and any other when designated so to re- 


committees 


Reserve 


port. 


Section 6. Functional Councils 

(a) There shall be four Functional Councils 
made up of members of the Board of Direc- 
tors. These shall be named the Administra- 
tive Council, the Technical Council, the Dis- 
tricts Council, and the Publication and Pro- 


motion Council. The Functional Councils 
report to the Executive and Finance Com- 
mittee. They are responsible for advising 


and assisting the Executive and Finance Com- 
mittee in their respective areas of activity 
Each council through its Chairman has rep- 
resentation on the Executive and Finance 
Committee The Members of the four 
Councils shall be appointed by the President 
with the approval of the Board of Directors 
(b) In the event that a Functional Coun- 
cil disagrees with action taken, directive is- 
sued, or decision made by the Executive and 
Finance Committee, the Council may, upon 
unanimous consent of its members, take their 


appeal or recommendation to the whole 
Board of Directors, which body shall act as it 
sees fit. 
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Section 7 


The Administrative Council 
The Administrative Council shall 
consist of five members made up of one Past- 


President as Chairman, three Directors-at 


Large ind one District Director Phis 
Council shall oversee Society policies, rela- 
tions, and election procedures It shall re- 


port and make recommendations to the Ex- 
ecutive and Finance Committee 
b The 


port to this Co 


following committees shall re 
uncil Admissions, Awards 
(ode of Principles of Conduct, Constitution 
ind Bylaws Honorar Membership, Na- 
tional Nominating, Public Relations, Welder 
Registration and Certification, and any other 


when designated so to report. 


Section 8. The Technical Council 
i The Technical Council shall consist of 


seven members made up of a Vice-President 


is Chairman, five Direetors-at-Large and 
one District Director This Council shal 
oversee technical policies, technical directior 


ind technical exploration and shall report 
ind make recommendations to the Executive 
ind Finance Committee 

b The following committees shall re- 
or Educational Activities 
Fechnical Activities, Wetping 
the WeLpING JOURNAL, and any other when 


t to this Couneill 


de signated so to re port. 


Section 9. The Districts Council 

a The Districts Council shall consist of 
thirteen members made up of one Vice 
President as Chairman, eleven District Di- 
rectors, and one Past-President This Coun- 


ceil shall oversee District and Section activi- 


ties, including membership, and shall report 
and make recommendations to the Execu- 
tive and Finance Committee 

b) The following committees shall report 
to this Council Membership, Member 


Classes, and any other when designated so to 


report 
Section 10. Publications and Promotions Council 
a) The Publications and Promotions 


Council shall consist of seven members made 
Vice-President as Chairman, five 
and one District Direc- 
National 


convention 


up of one 
Directors-at-Large 
tor This Council shall oversee 
promotions and 
activities id shall report and make 
mendations to the Executive and Finance 


publications 


Committee 

(b) The following committees shall report 
to this Council Exposition, 
Publicity, Technical Papers, and any other 
when designated so to report. 


Convention, 


Duties of the President 

The President shall have general supervi- 
sion of the affairs of the Socrety, under the 
direction of the Board of Directors. He shall 
serve as Chairman of the Board of Directors, 
Chairman of the Executive and Finance 
Committee, and shall be a member, ex officio, 
of all Councils and Standing and Special 
Committees, with the exeption of the Nom- 
preside at 


Section 11 


inating Committee. He shall 
meetings of the Socrery and shall perform 
such other duties as provided for elsewhere in 
these Bylaws or as may be assigned to him 
by the Board of Directors. He shall submit 
a report of the operation of the Society for 
the fiscal year to the Board of Directors at 
their last regular meeting of the fiscal vear 
and to the members at the annual meeting. 


Section 12. Duties of the Vice-Presidents 

Each Vice-President shall serve as a mem- 
ber of the Board of Directors, a member of 
the Executive and Finance Committee, and 
as Chairman of a Functional Council as des- 
ignated by the Office Assignment Subcom- 
mittee of the National Nominating Commit- 
tee. He may be appointed by the President, 
with the approval of the Board of Directors, 
for the duration of his term to any office in 
the Standing or Special Committees, except 


( ommmiuttee In the event 
ibsence or disability of the President, the 


Vice-President, who 


Chairman of the Dis- 


tricts Council, shall preside at meetings of 
he SOCIETY t Board of Directors, the 
Executive and Finance Committee, and dis- 
charge the duties of the President Vice- 
Presidents shall perform other duties which 
i ire time to time, be assigned to them 
the President, with the approval of the 


Section 13. Duties of Directors-at-Large 


DD tors-at-Large shall serve as members 
of Board of D rs and as members of a 
Functional Council to which they have been 
appointed by the President after considera- 

of the reco endations of the Office As- 
ignment Subco ttee of the National 
Nominating C« t Directors-at-Large 
iy be appointed by the President, with the 
Dy il of the B 1 of Directors (in meet- 
y by letter i t to one or more one- 
ear terms as members of the Executive and 
Finance Co ‘ They also may be ap- 
pointed by tl President, with the approval 
f the Board of Directors, for any part or for 
the duration of the ms to any office in the 


Standing and Special Committees, with the 
iting Committee 


Section 14. Duties of District Directors 

District Directors shall serve as members 
of the Board of Directors and as members of 
the Districts Counci District Directors 
may be appointed by the President after 


consideration of the recommendations of the 
Office Assignment Subcommittee of the Na- 
tional Nominating (‘ommittee to serve one- 
vear tert as members of the Administra- 
tive, the Technical, or the Publications and 
District Directors may 


Promotions ouncil 
he appointed by the President, with the ap- 
proval of the Board of Directors, (in meeting 
or by letter ballot) to one or more one-year 
members of the Executive and Fi- 
nance Committee They also may be ap- 
pointed by the President, with the approval 
of the Board of Directors, for any part or for 
the duration of their terms, to any office in the 
Standing or Special Committees, with the 
exception of the Nominating Committee. 

The District Director shall be the official 
representative of the Society in his Dis- 
trict He shall have the following duties: 

a To supervise and promote the affairs 
of the Society in his District under the di- 
rection of the National President and the Na- 


tional Board of Directors 


b) To visit the Sections in his District at 
least once each vear, il at all possible. 
(« To assist in the organization of new 


Sections in his District 

(d) To annually convene a meeting of the 
District Executive Committee and a Section 
Officers’ Conference in order to promote the 
objectives of the SOCIETY 

‘ To serve as Chairman of the District 
Executive Committee 

(f) To serve as Chairman of the District 
Meritorious Certificate Awards Subcommit- 
tee 

(zg) To appoint each year, with the ap- 
proval of the District Executive Committee, a 
District Nominating Committee and to serve 
as Chairman or to designate the Chairman 
from the committee members, as outlined in 
Section 7, Article VI 

(h) To serve as a member of the National 
Membership Committee. 

(i) Torender an annual report to the Na- 
tional Board of Directors covering the condi- 
tion of each Section within his District. 


Section 15. Duties of the Past-President Officers 

The immediate Past-President shall be a 
member of the Board of Directors and of the 
Executive and Finance Committee. He shall 
serve as Chairman of the Administrative 
Council and as a member of the National 
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Nominating Committee. He may be ap- 
pointed by the President, with the approval 
of the Board of Directors, to any office for the 
duration of his term in the Standing and 
Special Committees 

The other Past-President Officer shall be a 
member of the Board of Directors and of the 
Districts Council. He may be appointed by 
the President, with the approval of the Board 
of Directors, to any office for the duration of 
his term in the Standing and Special Com- 
mittees, 


Section 16. Duties of the Treasurer 

The Treasurer shall be a member of the 
Board of Directors, of the Executive and 
Finance Committee, and of the 
Funds and other fund committees. He may 
be appointed by the President, with the ap- 
proval of the Board of Directors, and for the 
duration of his term to any office in the 
Standing and Special Committees. 

(a The 


Reserve 


surer shall receive all monies 
to the credit of the 
Society, in such depositories as may be de- 
signated by the Board of Directors 

(b He shall disburse the funds of the 
ordered by the Board of 
Directors, obtaining the proper vouchers for 


and deposit the same 


Society as may be 


such disbursements. 

(ec) He shall furnish, at regular intervals, 
to the Board of Directors a statement of re- 
ceipts and expenditures under their several 
headings and also a statement of monthly 
balances. He shall make an annual report 
and such other reports as may be prescribed 
by the Board of Directors. The annual re- 
port shall be certified by a competent public 
accountant selected by the Board of Diree- 
tors 

(d He shall give the Socrery a bond in a 
sum, and with one or more securities as re- 
the Board of 
Directors for the faithful performance of the 
duties of this office and the restoration to the 


quired by, and satisfactory to, 


Society in the case of his death, resignation 
or removal from office of all hooks, papers, 
vouchers, money or other property of what- 
ever kind in his POssession belonging to the 
SocreTy The cost of the bond shall be 


borne by the Socrery 


Section 17. Duties of Assistant Treasurer 

The Assistant Treasurer shall 
those duties delegated to him by the Treasurer 
and in the absence or disability of the Treas- 
urer shall act instead of the Treasurer 


perform 


Section 18 

(a The Secretary shall be, under the di- 
President and the Board of 
Directors, the Chief Executive Officer of the 


Duties of the Secretary 
rection of the 


SOcIETY 

(b He shall be 
except the 
Admissions 
and Bylaws, Code of Principles of Conduct, 
Awards, Honorar Membership 
Funds and Special Committees 
ordered by the Board of Directors 

(« He shall engage 
wathorized by the Board of Directors 
and shall manage all activities of staff officers 


ex officio, a member of all 
kixecutive and Fin- 
Nominating, Constitution 


committees 


ance 


Reserve 


ss sO 


such employees as 


may be 


and employees 

(d He shall supervise and promote the 
affairs of the Socrtery, nationally and inter- 
nationally, under the direction of the Presi- 
dent and the Board of Directors 


He 


year 


shall visit as many Sections each 


as practicable, and shall supervise the 
organization of new Sections where the need, 
the potential and the possibility are evident 
(f He 
his executive operations to the 
to the Board of 
meetings of the Board during the vear, 
complete report for the fiscal vear 


shall submit progress reports of 
President and 
the periodic 


and a 


Directors at 


(g He shall devote the entire time of em- 
affairs of the Socrery unless 
Board of Di- 


ployment to the 
otherwise authorized by the 


rectors, 
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(h) He shall perform all other duties 
which may, from time to time, be assigned to 
him by the Board of Directors 

(i) He shall attend all National meetings 
of the Society, of the Executive and Finance 
Committee and of the Board of Directors: 
prepare the business agenda therefor: and 
duly record the proceedings thereof. 

(j) He shall see that all monies due the 
Society are carefully collected, and without 
loss transferred to the custody of the Treas- 
urer. 

(k) He shall carefully scrutinize all ex- 
penditures and exert every effort to secure 
economy in the administration of the SocreTy 
and shall personally certify to the accuracy of 
all bills or vouchers on which money is to be 
paid. 

(1) He shall have charge of the books of 
account of the Society and shall furnish 
monthly to the Treasurer a statement of re- 
ceipts and expenditures under their several 
headings and also a statement of monthly 
balances and shall furnish from time to time 
such other statements as may be required. 

(m) He shall conduct the official corre- 
spondence of the Sociery and keep complete 
records thereof. 

(n) He shall have charge of the Society's 
rooms and all property of the Socrery 

(0) He shall give the Society a bond in a 
sul, and with one or more securities as re- 
quired by, and satisfactory to, the Board of 
Directors for the faithful performance of the 
duties of this office, and the restoration to the 
Society in the case of death 
removal from office of the 
books, paper 
erty of whatever kind in the 
the Secretary, belonging to the 
The cost of the bond shall be 


resignation or 
Secretary, of all 
, vouchers, money or other prop- 


possession of 
SOcIETY. 
borne by the 


Section 19. Duties of Assistant Secretary 
The Assistant shall 
those duties delegated to him by the Secre- 


Secretary perform 
tary and in the absence or disability of the 
Secretary shall act instead of the Secretary. 


ARTICLE 


Section 2. National Nominating Committee 

The National 
shall consist of fifteen members made up of a 
elected District Repre- 
sentatives, and three Members-at-Large 
The Chairman shall be appointed by the 
President and should preferably be the im- 
mediate Past-President of the Society 
If the immediate Past-President is not ap- 
pointed as Chairman, he shall be 
a Member-at-Large The Chairman may 


Nominating Committee 


Chairman, eleven 


appointed 


however, be appointed from among any of 
the Past-Presidents or the Past Members of 
the Executive and Finance Committee. The 
Chairman shal] not serve for more than one 


year continuously as Chairman. Immedi- 
ately following his term as Chairman, he shall 
serve a one-vear term as Member-at-Large 
on this Committee, if available The eleven 
District shall be elected 


from their respective Districts in accordance 


tepresentatives 


with provisions set forth elsewhere in these 
Bylaws. Two Members-at-Large shall be 
appointed by the President from among those 
who hold or have previously held office on the 
Board of Directors or have 
man, Vice-Chairman, or Secretary of a Na- 
tional Standing, Technical 
mittee. The third Member-at-Large 
be the Chairman of the 
tional Nominating Committee, if available. 
No member of this Committee, other than 
the Chairman who serves in the pattern de- 
scribed above in this section, shall serve for 
continuously At all 
times at least one Past-President shall be a 
of this Committee Announce- 
ment of the personnel of the Committee shall 


served as Chair- 
or Special Com- 


shall 


previous vear’s Na- 


more than one vear 


member 


be made through publication in the August 
issue of the WELDING JoURNAI 

It is the duty of this Committee to nomi- 
nate candidates for National elective office 
The Committee shall hold an open meeting 
preferably at the time and place of the Annual 
or a National Meeting, at which time mem- 
bers may appear to present and discuss the 
eligibility of candidates for the various offices 
falling vacant. The Committee shall deliver 
to the National Secretary, in writing, on or 
before the first day of November of that vear 
the names of its nominees for the various elec 
tive offices next falling vacant, with the writ- 
ten acceptance of each nominee (Nominees 
for District Director and for District Rep- 
National Nominating 
Committee shall be nominated by each Dis- 
trict Nominating Committee. See Article 
VI, Section 7.) The nominees for Directors- 
at-Large shall be selected by the Nominating 
Committee with due consideration to geo 
The Committee shall 


resentative on the 


graphical distribution 
also prepare a brief biographical sketch of 
each nominee (except for the Nominees for 
the District Representatives on the National 
Nominating Committee and for the District 
which shall be submitted to the 
National Secretary for publication in’ the 
WevLpinGc JOURNAL and in the case of an elec- 
tion ballot it shall be submitted to the merm- 
bership with the election ballots The bio- 
graphical sketches shall cover nominees 
lected by the National Nominating Commit 


Directors), 


tee, the District Nominating Committees and 
those nominated by petition of the member- 
ship in accordance with Article IX, Section 
2(b) and 2(e) 
Section 3. Office Assignment Committee 

The Office 
consist of either five or six members made up 
of the Chairman of the National Nominating 


Assignment Committee shall 


Committee as Chairman, the current Chair 
that is 


and the 


men of the four Functional Councils 
Vice-Presidents, 
serving as Chairman of the 


the three current 
Past-President 
Administrative Couneil 
Chairman of the National Nominating Con 

and the President-elect It shall be 
the duty of the Committee to recommend to 
the President-elect and to the 
Board of Directors the assignments of indi- 
viduals to the Executive and Finance Com 
mittee of the Board and to the Functional 
Following the 
the tellers of election 


(who may also be 


miuttee 


polling of member 
this Com 


Councils 
ballots by 
mittee shall carefully 
tions, past, professional, technical, or business 


sereen the qualiiica 
experience, and known or indicated interests 
of each of the elected Vice-Presidents, Di 
rectors-at-Large, and District Directors, and 
shall make the 
ment in 


recommendation of 
with their 
shall report to the Presi 


accordance considered 
judgment They 


dent-elect not later than April Ist 
Section 4. Constitution and Bylaws Committee 
The Constitution and Bylaws Committee 
shall consist of three members, each to serve 
for a period of three years, one member of 
which shall retire each year The Chairmar 
of the Committee shall be designated by the 
President It shall be the duty of this Com 
mittee to present and to receive suggestions 


for revisions to the Constitution or Bylaws 


responsible for the prelimin: 
wording of such revisions. It shall see that 
the Bylaws of Sections and Student Chap 
ters of the Society shall not conflict with any 
provision of the Constitution and Bylaws of 
the AmeERICAN WELDING Phis 
Committee shall consider and report upon 
any petition for revision to the Constitution 


and to be 


SOCIETY 


or the Bylaws and shall transmit such peti- 
tion to the Seeretary for further considera- 
tion as specified in Article VI of the Constitu- 
tion and Article XXII of the Bylaws. The 
through its Chairman, shall re- 
port its actions and recommendations to the 
Administrative Council. 


Committee, 


THe JOURNAL 


A 
2 
x 
: 
ath 
Aes, 


Socl- mar shall report its actions and recom- 


Section 5 

The National Membership Committe: 
of 15 members made up of the 
eleven District Directors and four members 


National Membership Committee Awards, those recommended to receive 
ETY sponsored awards, and those to present mendations to the Administrative Council. 


honorary lectures 


Section 12. Advisory Committee of AWS Past- 
Presidents 


shall consis 


The Committee, through its Chairman 


shall report its actions and recommendations 


appointed by the President. who shall also . 
from among its members It shall be the nendations of the Awards Committee for Presidents shall consist of all living Past- 
duty of this Committee to stimulate the iwards are not debatable in the Adminis- Presidents who retain membership in the 
growth of the Society by formulating and trative Council, but must be forwarded by Society. Each President of the Society at 
the termination of his term of office shall 


them, through the Executive and Finance 


executing plans and preparing literature for 


iutomatically become a life member of this 


' tr +} 2 ‘ 
maintaining and increasing the membership Committee, to the Board of Directors ‘ ‘ - 
o Soc ‘ ommiuttes roug 
: - 4 : Section 10 Honorary Membership dent shall serve as ¢ ian It is the duty 
its Chairman, shall report its actions and re« 
Phe Committee on Honorary Membership of this Committee called upon, to act 
ommendations to the Districts Couneil 7 
hall consist of six members made up of the in an advisory capacity to the Executive and 
Section 6. Admissions Committee President, the three Vice-Presidents, and the Finance Committee and to other official 
The Admissions Committee shall consist of two latest Past-Presidents who are living Society Committees It shall perform other 
five appointed members. The Chairman of the latest Past-President shall serve as Chair- duties which may from time to time be as- 
. the Committee shall be designated bv the un It shall be the duty of this Committee signed to it by the Executive and Finance 
President It shall be the duty of this Cor to present a statement of qualifications and Committee The Committee, through its 
mittee to pass upon the qualifications of make recommendations regarding nominees Chairman, shall report its actions and rec- 
members to determine their eligibilit ind presented for Honorary Membership by ommendations to the Executive and Finance 
proper classification as members of the Soct- election in the Socrety and to arrange for Committee 8 


the presentation of certificates to those so 


ery, and to approve transfers in Section af Section 13. Manufacturers Committee 


filiation The Committee, through its Chair honored Phe Committee, through its 
Chairman, shall report its actions and recom- The Manufacturers Committee shall con- 
mendations to the Administrative Council sist of members and a Chairman, appointed 
by the President, all of whom are representa- : 
Section 7. Member Classes Committee Section 11. Public Relations Committee tives of manufacturers of welding equipment : 
The Member Classes Committee shall cot The Publie Relations Committee shall ind supplies. It shall be the duty of this : 
sist of five appointed members The « ® consist of not more than eight appointed Committee to promote the objectives of the 
man of this Committee shall be designated b embers and, ex officio, the Technical Secre- SOCIETY among the ember and nonmember 
the President It shall be the duty of this ry of the SocreTy Phe Chairman of the manufacturers of sucl equipment. The s 
Committee to regularly review the adequas Committee shall be designated by the Presi- Committee shall serve in an advisory capac- 
of existing member classes and to ‘ dent It shall be the duty of this Commit- ity tothe Executive and Finance Committee ‘ 
such changes in classes as may he ed tee to guide the relations of the SocreTy with " atters of interest to the Manufacturers 
necessary or desirable best inte of the public, exclusive of matters specifically ind should serve as requested by the Con- ; 
the Socrery The Committee, through it issigned to other committees Its duties vention Committee in making arrangements : 
Chairman, shall report its actions and recor hall include the studying of Municipal for exhibitions The Committee, through 
mendations to the Districts Counci State and Federal legislative acts or propos- its Chairman, shall report its actions and rec- 
ils that affect the Society or the practice of ommendations to the Executive and Fi- 
Section 8. Code of Principles of Conduct welding The Committee, through its Chair- nance Committe: 
Committee 
The Committee on Code of Principles of 
Conduct shall consist of five appointed mer 
bers, one of whom shall be a Past-President 
of the SocreTy who shall serve as Chairmatr 
AN ER ROL BROTHERS | 
administering and revising when necessa 
Code, it shall be the duty of this Committe i 


proper conduet and to examine into and in MATERIAL HANDLING DEVICES 


estigate the practice of a member of the 


Socrevy which shall be regarded as prejudicial 4 
The ¢ 


to the welfare of the Socretry 


mittee, through its Chairma hall repor 


its actions and recommendation 


ministrative Couneil, 


Section 9. Awards Committee 
The Awards Committee shall consist of 
five members, each to serve for a period of 1 ha : 
all retire each year, The Chairman of th LIFTING CLAMP FOR SAFETY 
(Committee shall be designated by the Pre 
lent It shall be the duty of this Committe 
to supervise all of the awards programs of th 
SOCIETY, except member hip awards ind to 
nominate those to present honorary lecture Fai 
it National meetings and to arrange for the 
presentation of such medals, certificates, or 
other awards as may be authorized by t 
Board of Directors 
The shall delegate te Sub @ Safety Factor—5 to 1 @ All operating parts re- 
committee its choosing or as otherwise 
provided apevilic datice talline @ Factory tested at triple placeable when worn. 
their scope including Meritorious Cert ific rated capacity. © Swinging or jerking 
Award Subcomittees at the National, Dis @ Will lift from hori- loads will not affect 
trict or Section level zontal or vertical posi- grip. 
The National Meritorious Certificate tion 
re sube tee she consist oO he 
Award Su ; 4 = @ Cam and Pads of case @ Useful for positioning 
President, th hardened tool steel. in welding operations. 
dents, the Treasurer, and the latest living an 
t-President, the last to serve as Chairman % 4 
The HEAVIER the LOAD the TIGHTER the GRIP! 31.17 
Awards Subcommittee shall consist of the ‘ 


District Director as Chairman, and all Sec- 


tion Chairmen, or their appointed alternates 
within the District | 

It shall be the duty of the various sub- 56-33 Arnold Ave., Maspeth, N. Y. 
committees to propose to the Committee on For details, circle No. 7 on Reader Information Card 


NOVEMBER 1958 


| 
| 
| 
| 


NEOPRENE INSULATED .. . 
INDESTRUCTIBLE-SHOCKPROOF 


CABLE CONNECTIONS 
and CABLE 


Sp, SPLICES 


for Safety-Speed-Economy 


You get all these Advantages with the new 


Cam-Lok System of Neoprene Insulated Cable Con- 
nections and Splices: 


®@ Completely safe in any kind of weather . . . neoprene sleeve perma- 


nently vulcanized to cable jacket—can’t pull away exposing bare 
wire. Connections won't shatter or crack under impact of trucks 
or heavy plates. Resist oil and gasoline too. 


Erclusive Quick-Disconnect ...Cam-Lok gives you positive lock, high 
conductivity cable connections, yet they can be taken apart tn- 
stantly. Join all cable sizes without adaptors. 


Eliminates corrosion problems . watertight, vulcanized seal pre- 
vents moisture from entering cable strands . . . assures longer cable 
life. 

Tapered, tight and smooth . . . exclusive Cam-Lok tapered Connec- 
tions and Splices slide over or around obstructions as easily as cable 
itself... can’t pull apart . . . eliminate production “bottlenecks.” 
Economical . . . outlast ordinary connections 3-4 times. Long- 
life and trouble-free performance . vulcanized neoprene insula- 
tion supports cable at connection and eliminates breakage. 
Quick... you can make a Cam-Lok waterproof vulcanized Cable 
Connection or a permanent Cable Splice in minutes on the job. 
No training needed to operate Cam-Lok 110 volt portable Vuleaniz- 
ing Kit. Connect or splice together all cable sizes without adaptors. 


Complete details in new Catalog #131-B. Write today for a free copy. 


EMPIRE PRODUCTS, INC. 
P. O. BOX J-98, CINCINNATI 36, 


For details, circle No. 8 on Reader Information Card 


Section 14. Reserve Funds Committee 

The Reserve Funds Committee shall con- 
sist of five members, each to serve for a pe- 
riod of five years, one member of which shall 
retire each year. The Chairman of the 
Committee shall be designated by the Presi- 
dent. In the case of a vacancy, the President 
shall appoint a member to fill the unexpired 
term of the retired member. The Treasurer 
of the Socrery shall be, ex officio, a member of 
this committee. Funds turned over to this 
Committee by the Board of Directors shal! 
be in its custody for safekeeping and invest- 
ment and the Committee is authorized to 
hold these funds in cash and /or investments 
All acts of the Committee shall require the 
favorable vote of at least four members of the 
Committee. 

No disbursements shall be made from 
these funds except on approval of at least 
two-thirds of those present at a meeting of 
the Board of Directors called for the purpose 
and at which a quorum is present, and the 
concurring approval of two-thirds of the Re- 
serve Funds Committee. Should the Com 
mittee fail to approve by a two-thirds vot« 
and so advise the Board in writing giving its 
reasons for its failure to approve, then the 
question shall be submitted for letter ballot 
to all the members of the Board of Directors 
The letter ballot must be accompanied by a 
copy of the minutes on this subject of such 
Board meeting and by a copy of the written 
report of the Reserve Funds Committees 0 
the Board. Two-thirds favorable vote of 
the entire Board membership on the letter 
ballot shall be necessary to authorize the dis- 
bursement. 

The Committee shall keep full and accurate 
accounts of receipts and disbursements in 
books belonging to the Socrery, and shall 
render a financial statement to the Board of 
Directors annually, or as often as requested 
by the Executive and Finance Committees 
The Committee, through its Chairman, shall 
report its actions and recommendations to 
the Executive and Finance Committees 


Section 15. Publicity Commitiee 

The Publicity Committee shall consist of 
not more than ten appointed members and 
ex officio, the Technical Secretary and the 
Editor of the JouRNAr The 
Chairman of the Committee shall be desig- 
nated by the President Members should be 
individuals skilled in the art of publicity and 
also individuals who, through service on 
other committees, possess an intimate know!l- 
edge of some of the activities of the Socrery. 
It is the duty of this Committee to recom- 
mend means of obtaining the widest possible 
public knowledge of the objects of the 
Society and its various committees in the 
fulfillment of those objects. The Commit- 
tee, through its Chairman, shall report its 
actions and recommendations to the Publiea- 
tions and Promotions Council. 


Section 16. Convention Committee 

The Convention Committee shall consist 
of a Chairman appointed by the President 
the Secretary and Treasurer of the Society 
the Technical Secretary, the Editor of the 
Wetpinc JourNAL, and a representative 
appointed by each of the following commit- 
tees: Manufacturers, Exposition, Technical 
Papers, Publicity, and Educational; and 
finally, if a Convention or meeting is decided 
upon, the Chairman of the Local Section, or 
his appointed alternate, where the event will 
be held. It is the duty of this Committee to 
recommend conventions, events, meetings or 
activities which the Society should sponsor or 
join in sponsoring. For such activities as are 
to be held, the Committee shall assist the 
headquarters staff in the preparation of the 
entire program and in coordinating all activi- 
ties for such event. It shall delegate to the 
Technical Papers Committee, the Publicity 
Committee, the Manufacturers Committee, 
the Exposition Committee, the Educational 
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Committee, and to other special regional or 
activities committees, such duties as fall 
within their scope. The Committee shall 
hold at least one meeting a year, preferably 
within sixty days following the conclusion of 
an annual convention. The Committee 
through its Chairman, shall report its actions 
and recommendations to the Publications and 
Promotions Council 
Section 17. Technical Papers Committee 

The Technical Papers Committee shall 
consist of not more than twenty appointed 
members and, ex officio, the Editor of the 


WeLpING JouRNAL, the Chairman of 
the Technical Activities Committee, and the 
Technical Secretary The Chairman of the 


Committee shall be designated by the Presi- 
dent In appointing members to this Com- 
mittee, due consideration should be given to 
the fields of interests of the individuals and 
of the SocieTy 

Phe duties of this Committee shall be i 
to solicit and select technical papers for 
annual meeting of the Society and for an 
other meeting of a National character in 
which the SociETY may participate 

b lo group selected papers into sessions 
and to appoint Chairmen and Co-Chairmen 
for each session, after the Committee has 


been advised of the number of sions avail 


ible 


The Committee through its Chairmar 


shall report its actions and recommendation 


to the Publications and Promotions Couneil 


Section 18. Educational Activities Commitiee 


The I-dueational Activities Committee 
shall consist of members and a Chairman ap- 
pointed by the President It shall be the 
duty of this Committee to promote and foster 


the dissemination of knowledge through ed- 
ucation, pursuant to the aims and purposes of 
the Socery The Committee, through its 
Chairman, shall report its actions and recom- 


mendations to the Technical Couneil 


Section 19. Exposition Committee 

The Exposition Committee shall be a Sub- 
committee of the Manufacturers Committee, 
the members of which are chosen by the 
Manufacturers Committee and, ex officio, the 
Chairman of the Convention Committee, 
the Assistant Treasurer, and the Exposition 
Manager. The Chairman of the Committee 
shall be designated by the Manufacturers 
Committe It shall be the duty of this 
Committee to promote and plan for exposi- 
tions and to aid and advise the Exposition 
Manager during the preparation for an ex- 
positior The Committe through its 
Chairman, shall report its actions and recom- 
mendations to the Publications and Promo- 


tions Council 


Section 20. Welding Handbook Committee 
THE WeLpING Hanpspook Committers 

shall consist of the HaANpBoOoK Editor acting 

as Secretary, and five members, each to serve 


for a period of five vears, one member of 


which shall retire each vear The Chairman 
of the Committee shall be designated by the 
President This Committee shall advise 
and assist the HaNpbBOOoK Editor in the for- 


mation of policies and the execution thereof 
It shall work with individuals, groups and 
committees to obtain the most up-to-date, 
reliable information possible for inclusion in 
the HaNpBOoOoK and shall assist in the selec- 
tion of material to be included. It shall as- 
sist the Editor in formulating policies to en- 
sure the widest distribution of authoritative 
information in keeping with the objectives of 
the AmerRICAN WELDING Society This 
Committee, through its Chairman, shall re- 
port its actions and recommendations to the 
Technical Council. 
Section 21 Welding Journal Committee 

The Wetpinc JouRNAL Committee shall 
consist of a Chairman and not more than ten 
members appointed by the President, and 
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the Editor of the WELDING JoURNAL who Activities Committee within two weeks of the 


shall serve as Secretary It is the duty of date of mailing of minutes or other communi- 
this Committee to assist and advise the Edi- cation advising of such action. 
tor in establishing editorial and advertising The scope of this Committee shall be: to 
policies of the JoURNAL so that the objectives organize and administer the activities of the 
of the Soctery may best be served rhis echnical Committees of the SocreTy in ac- 
Committee, through its Chairman, shall re cordance with the “Rules to Govern Organi- 
port its actions and recommendations to the zation, Functions and Operations of Technical 
Technical Council Committees of the AMERICAN WELDING 
Society,’ said rules to be of latest revision as 
Section 22. Technical Activities Committee approved by the Board of Directors; to nom- 
The Technical Activities Committee shall inate and administer the activities of official 
consist of a Chairman, a Vice-Chairman. the representatives of the Society on Technical 
Technical Secretary who shall serve as Secre- (Committees of other Societies in accordance 
tary, the Chairmen of all the Technical Com- with the “Guide for the Appointment and 
mittees of the Society and three additional Functioning of Representatives of the AMER- 
members, each to serve for a period of three 1cAN WELDING SocreTy on Technical Com- 
years, one member of which shall retire each mittees of other Societies,"’ as approved by 
ear, and, ex officio, the Chairman of the the Boardof Directors; to promote the stand- 
Public Relations Committee The Chair irds of the Society through the AWS Tech- 
man and Vice-Chairman shall be appointed nical Committees and AWS Representatives 
by the President on recommendations by the on Technical Committees of other Societies; 
PAC and the Technical Council and shall to act in an advisory capacity to the Tech- 
serve for a period of three years nical Council in respect to technical matters; 
The Executive Subcommittee of the Tech to collaborate in the preparation and review 
nical Activities Committee shall be comprised of tecl al regulatory requirements of gov- 
of the Chairman, Vice-Chairman, and Seere ernmental and other code-writing bodies and 
tary of the Technical Activities Committee to cooperate with these bodies in any other 
with not more than six additional members reasonable manner toward the elimination of 
appointed annually by the Chairman It unnecessarily restrictive welding require- 
hall be the function of this Executive Sub- ments through the promotion of the So- 
committee to act for the Technical Activities creTy’s standards; by direct action jointly 
Committee in the time between meetings of with the Public Relations Committee or by 
the full Committee and as otherwise re- recommendation to the Technical Council, to 
quested by the Chairman All actions of the participate in public relations matters of a 
Executive Subcommittee shall be submitted technical nature affecting the interest of the 
tothe full membership of the Technical Activ- members of the AMERICAN WELDING Soct- 
ities Committee and such actions shall be ETY to promote the technical advancement 
considered as final unless objection has been of welding through any other means as may 
received from a member of the Technical appear proper to the Technical Council to 
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ALL-STATE FLUX-COATED RODS HAVE ALL 3 


Save Time! Money! Rework! 


j j No. 11FC Brazing Rod 
Nickel Silvers .... Rod 
Fiux-Coated, Low-Fuming Rod** 
Bronzes “seeees** No. 41FC General Purpose Brazing Rod 
i No. 35FC Special Light-Coated Weiding Rod 
Aluminum ....... E-43 Electrode for Type 4043 
E-2 Electrode for Type 1100 


**This flux-coated, low-fuming bronze is typ- 

ical of All-State flux-coated rods . Speeds 

work by permitting operator's undivided at- 

tention to deposition and control. Odor prac- 

tically non-existent. Flux coating is All-State 

formula of proven superiority and years- 

standing reputation for the rapid, positive, 

smooth cleansing action important to good whole line. 
brazing . . . is anhydrous . . . causes bronze Baie Ask for 

to flow out more freely and smoothly. en 4 FREE Copy 


NEW! 


Instruction 
Manual covers 


Distributor stocked everywhere! Convenient to buy! Economical to use! 


Want your own bronze flux-coated? If you are committed to other alloys and need 
the economies inherent in having the flux on the rod, inquire! All-State’s manufacturing 
subsidiary is available for evstom coating with All-State Fluxes. 
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AN INVITATION TO AUTHORS 

—to participate in the American Welding Society's 
1959 NATIONAL FALL MEETING 

Detroit, Mich.—Sept. 28-Oct. 1, 1959 


Gentlemen: 

The 1959 National Fall Meeting of the American Welding Society 
will be held in Detroit on Sept. 28—Oct. 1, 1959. 

Twice each year our Society offers opportunities to Authors for 
bringing their outstanding work, development and research to the at- 
tention of our Membership and the welding and metals industry, by 
having previously unpresented and unpublished papers presented at its 
national meetings. 

The Society's Technical Papers Committee will be happy to re- 
ceive your application for entry in the 1959 National Fall Meeting ac- 
tivity. All applications, abstracts and manuscripts will be screened by 
the Committee, and Authors will be notified sometime in April 1959 re- 
garding acceptance. 

Each abstract should be sufficiently descriptive to give the Com- 
mittee a clear idea of the content of the proposed paper. In any case, 
it should contain not less than 500—but not more than 1000—words. 
Also, in order to place the Committee in the best possible position to 
evaluate these papers, it is suggested that each abstract be accom- 
panied by a complete manuscript. 

The Committee reserves the right to consider all applications on 
the basis of acceptance for placing on the 1959 National Fall Meeting 
Program, or consideration for placing on the 41st Annual Meeting Pro- 
gram in April 1960, the next national meeting of the Society. Papers 
may be considered for publication in The Welding Journal regardless 
of acceptance for presentation at either Meeting. 

Papers which deal with the latest developments in the following 
subjects are deemed to be of particular interest in Detroit: (1) welding 
as applied to automotive manufacturing operations; (2) resistance weld- 
ing; (3) fabrication of “honeycomb"’ structures; (4) fabrication and 
maintenance of equipment used for radioactive applications; (5) pres- 
sure vessels and storage tanks; (6) equipment and pipe lines used in 
petroleum industry; (7) machinery design and fabrication; (8) struc- 
tures; (9) automation as applied to resistance welding, inert-gas weld- 
ing and other welding processes; (10) hard surfacing; (11) mainte- 
nance; (12) welding of castings and composite structures; (13) welding 
of dissimilar alloys or alloy systems; (14) welding of aluminum, mag- 
nesium, zirconium, titanium, Inconel and like metals; (15) brazing; (16) 
soft soldering; (17) welding of plastics; and (18) practical applica- 
tions or “how-to-do"” topics. However, any papers dealing with the 
educational and informative categories of welding production, engineer- 
ing, research and metallurgy are welcomed as long as the subject falls 
within the field of our Society's activities. 

Author's Application Forms were mailed a few weeks ago to all 
members of our Society; additional copies may be obtained by writing 
directly to AWS headquarters. To assure consideration for the 
1959 National Fall Meeting Program, abstracts must reach AWS not 
later than Jan. 15, 1959. 

Sincerely, 
Fred L. Plummer 
Nationa’ Secretary 


insure the best interest of the art and science 
of welding 

The Committee 
shall report its actions and recommendation 


to the Technical Council 


through its Chairman 


Section 23. 
The Headquarters Housing Committee 
shall consist of five members, cach to serve 


Headquarters Housing Committee 


for a period of five vears, one member of 
which Committee shall retire each vear Phe 
Chairman of the Committee shall be desig 
nated by the President It shall be the duty 
of this Committee to consider all problems re 

lated to headquarters housing and it shall 
have power to act as delegated by the Board 
of Directors. Members may sueceed them 
selves upon completion of their term of office 


hal 
shia 


The Committee, through its Chairman 
report its actions and recommendations to 


the Executive and Finance Committees 


Section 24. Welder Registration and Certifica 
tion Committee 

The Welder Registration and Certification 
Committee shall consist of not more than 
twelve appointed members The Chairmar 
of the Committee shall be designated by the 
President It shall be the duty of this Cor 
ard 


mittee to formulate and submit to the Be 
of Directors plans for the orderly and volur 
tary registration of certified welders i 
industrial fields where it appears that such 
plans would be beneficial to both the indus 
try and the welders and to continuous! 
supervise the operation, including poli 
matters, of any plans which may be put 
effect The Committee, through its Chair 
man, shall report its actions and recommen 
dations to the Administrative Counci 
Note: Sections 25, 26, 27 are old Section 
24, 25, 26 
Section 28. Committee Reports 

Standing Committees shall submit annual 
reports and Special Committees interi ind 
final reports to the Functional Couneil or 
Executive and Finance Committee to which 
they report These reports shall be for- 
warded by the Councils to the Board of 
Directors 

ARTICLE XXII 

Section 1. Amendments 

Amendments to these Bylaws ma 
stigated by filing with the Secretary a pet 


tion containing copys oft the propose 
amendment signed by not less than ten Cor 
porate members in good standing or by the 


Constitution and Bylaws Committee or b 


the Board of Directors. Such proposed 
amendments must be in conformity with the 
Constitution and to become effective must 
thereafter be approved by not less thar 


thirds of the Directors present at a mes 
regularly called for that purpose, a quo 
being present, provided that a writte: 


of such proposed ame ndments shall have 


given at a previous meeting of the Board and 
provided further that the Secreta shall 
have mailed a copy of such proposed amend 
ments to each member of the Board at least 


sixty days in advance of the meeting at which 
action thereon is to be taken If approved 
by the Board of Directors, the amendments 
shall be considered temporary and then shall 
be published in the Wetpinc JouRNAL and 
within not less than thirty days a letter ballot 
shall be submitted to the membership on 
said amendments as so published in the 
WELDING JOURNAL 
be deemed adopted at the expiration of sixty 
days after the mailing of the letter ballot un- 
less rejected by the votes of at least twenty 
percent of the corporate membership eligible 
to vote or by at least fifty-one percent of the 
total votes actually cast and delivered to the 


Such amendments shall 


Secretary within sixty days of the date of 
mailing of the letter ballot 
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THINGS YOU SHOULD KNOW 


(That Happened in August and September) 


@ klsewhere in this issue vou will find 
the complete text of temporary By- 
laws adopted last June by your Board 
of Directors. These suggested changes 
do not affect dues. benefits or other 
obligations or rights of members. It 
is believed that their adoption will 
result in more efficient operation of the 
very large number of committees, coun- 
ceils and boards, and of the officers and 
staff members of the Socrery Please 
review these suggestions and pre- 
pared to indicate your considered opin 
ion when vou receive vour ballot during 
De ember. 

@ Ron Godderham of the Canadian 
Welding Bureau visited vour Secretary 
on August 21st About the same time 
a letter was received from Secretan 
W. T. Cherry of the Canadian Welding 
Society giving a list of officers for the 
1958-59 vear. A. Ellis, Babcock- 
Wilcox and MeCullouch, Cialt 
Q)nt is preside nt 

@ A copy of the Long Island Section 
Year Book and Directory was received 
in lute August This is one of the many 


excellent vear books pre pare and print- 


ed by «a large number of our Sections It 


includes names and pictures of all officers 


and directors, lists of committees, com- 
plete program for the past vear, specia 
sections for Supporting Companies 
Sustaining Members and Past Chairmen 
Membership Directory and the support- 
ing advertising 

F. Ellis, vice-president of the 
Australian Welding — Institute who 
visited the United States some time ago, 
sent nquiries concerning WELDING 
JourRNAL editorial policies com- 
mented favorably about items he had 
noted in this column 

@ Second Vice-President Dave Thomas 
Jr.. called at headquarters on August 
27th to discuss articles on education 
which he plans to prepare during the 
next two months for presentation before 
groups of educators and for later pub- 
lication 

@ Word has been received that the 
Argentine Welding Society was organ- 
ized May 16, 1958, with Dr. V. Vilham 
of Buenos Aires as president. 

@ First Vice-President Charlie Mac- 
Guthe visited your Secretary on August 
Ath to discuss technical activities and 
the new Information Center. The 
following dav a conference was held with 
Bill Spraragen, American Secretariat 
and Howard Biers, past president, of 
the International Institute of Welding, 
to plan for an October meeting of the 
IIW American Council. Your Secre- 
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tary will become American Secretariat 
of the ITW during January 1959. 

@ As of September Ist William C 
Hall joined the staff as Assistant to the 
Hanprook Editor. The addition of 
Mr. Hall and a new secretary will pro- 
vide Art Phillips assistance and time to 
devote to the new Information Center. 
@ On September 5th Bill Walker of 
California State Polytechnic Institute 
was introduced to department heads and 
learned about operations here at head- 
quarters Bill,’ who is a student 
leader under Prof. Wiley, welcomed vour 
Secretary to the Institute last January 
He has been working with one of our 
manufacturers in New Jersev and returns 
to San Luis Obispo to complete his 
training this winter 

@ The Union Club of Cleveland was the 
location for an interesting, stimulating 
and productive conference on Septem- 
ber 9th with J. F. Lincoln. Mr. Lin- 
coln agreed to devote a week to ten 
davs with vour Secretary visiting AWS 
Sections, talking to the members and to 
other groups of management and pro- 
fessional people 

@ The following day Chairman A. V. 
Scherer held the initial meeting of the 
reorganized AWS Publicity Committee 
in the fine new Cleveland Engineering 


and Scientific Center. Committee mem- 
bers are men active in the public rela- 
tions and publicity programs of several 
of our major manufacturers. This 
committee will cooperate with Secre- 
tary for Information and Edueation 
Art Phillips, guiding policies and assist- 
ing in this important activity. Keen 
interest was evidenced by the fact that 
only one member of this relatively large 
committee found it impossible to attend 
this all-day meeting. 

@ After this meeting vour Secretary and 
Art Phillips flew back to New York in 
time to join Staff Members Frank 
Mooney and J. Chodrow at the New 
York Section meeting which was ad- 
dressed by C. E. Jackson. With Chair- 
man G. Metterhauser presiding and 
First Vice-President Harry Landis in 
charge of projection equipment, Mr. 
Jackson discussed welding in Europe, 
where he has visited at length during the 
past lew vears. 

@ President G. O. Hoglund spent part 
of the next day with your Secretary and 
then joined Past-President Chyle at 
the September 11th organization meet- 
ing of our new Atomic Energy Advisory 
Committee, of which Mr. Chyle_ is 
chairman. This committee will coor- 
dinate Society activities in this field 


with those of other interested groups 
and will act in an advisory capacity to 
the Atomic Energy Commission on 
welding problems. 
@ You may have missed news releases 
proclaiming J. J. Chyle winner of a 
national competition for engineers and 
to do with new uses 
The suggestions of 


scientists having 


for “microbeads 
Past-President Chy le were judged best 
and he was awarded a two-week tour 
to Europe for two. He with Mrs. 
Chyle and their daughter will be visiting 
the Brussels Fair and other cities in 
Hurope during October 

@ Staff members met on September 12th 
with Chairman Ed Dato of the Conven- 
tion Committee to arrive at recommen- 
dations concerning events and programs 
to be planned for the 1959 fall meeting 
which will be held in Detroit, Septem- 
ber 28th to October Ist. These sug- 
gestions have been submitted to the 
Convention Committee and, if approved, 
will come before the Board of Diree- 
tors at their October 10th meeting in 
Detroit 

@ The week of September 15th has 
been an unusually strenuous one for 
vour Secretary. Following a few hours 
in the office Monday morning, a train 
ride and a late lunch in Philadelphia 
with First Vice-President C. I. MacGuffie 
preceded an alternoon conference with 
Robert C. Fernley, executive secretary 
of National Welding Supply Assn. 
Matters of mutual! interest, including 
closer cooperation of our two groups, 
were discussed in this exceptionally cor- 
dial and fruitful conference. 

@ Evening activities included a Phil- 
adelphia Section social period, dinner 
and after-dinner talk by Charles Lupton 
of Lansdale Tube Co. This talk was 
devoted to engineering education and 
guidance of high school students. 
Several faculty members of Drexel 
Institute attended both the dinner and 
later the technical meeting, held in 
Drexel Auditorium, where they dis- 
cussed the welding courses to be given 
this season at the Institute. Dr. A. 
Muller gave an effective talk outlining 
the development of welding processes, 
illustrating current applications and 
suggesting future developments. He em- 
phasized the great need for properly 
trained engineers and scientists to aid in 
developing new equipment and new proc- 
esses. Frank Tapalucci presided in 
the absence of Chairman C. M. Schaub 
and was assisted by Charles Dooley, 
educational chairman. National EAC 
Chairman Clarence Jackson attended 
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the meetings and rode a late train 
back to New York with your Secretary. 
@ Tuesday morning your Secretary 
joined President Hoglund and JouRNAL 
Editor Rossi at an Aleoa Engineering 
Conference held at the Biltmore Hotel 
and devoted to development and use of 
aluminum alloys for high-strength welded 
structures. This meeting included sev- 
eral excellent 
tinued through a late luncheon. The 
afternoon was devoted to a conference 
with Perry Cassidy, Bill Spraragen and 
Ken Koopman concerning research pro- 
grams for PVRC. 

@ During the evening your Secretary 
had the pleasure of entertaining Mr. 
and Mrs. Sevmour-Semper and _ re- 
calling pleasant prey ious contacts on 
Mr. Sey- 
mour-Semper is vice-president of the 
British Institute of Welding, president 
of the British Acetvlene Assn., managing 
director of Hancock and Co., and chair- 
man of Welderaft, Ltd. 

Wednesday morning was devoted toa 
meeting of the Interpretive Reports 
Committee of the Welding Research 
Council. This small committee, with 
T. N. Armstrong as chairman, selects 
fields in which there is active interest and 
need for a summary of new develop- 


presentations and con- 


several Oecasions in Europe. 


ments and current recommended prac- 
tice. A competent authority this 
field is selected and commissioned to pre- 
pare such an interpretive report. te- 


cent reports have covered stress reliev- 
ing of stainless steels, stress relieving 
of weldments and notch ductility of weld 
metal. New reports, covering welding 
of stainless steel to carbon- or low- 
alloy steel, welding of Type 347 stainless 
steel and carbon-dioxide-shielded metal- 
are welding of carbon-steel plate, will 
soon be published. 


@ Late afternoon found your Secretary 
on a flight to St. Louis and Tulsa where 
he missed contact with Section Secre- 
tary Bill Jaggers but talked with his 
associates. An all-day meeting of the 
Pipeline Research Group of the Amer- 
ican Gas Assn. was held on Thursday 
in Tulsa with vour Secretary discussing 
research in welding and design appli- 
cable to pipe-line construction. R. H. 
Crowe, chief engineer of Transconti- 
nental Gas Pipe Line Co., acted as mod- 
erator and the large crowd was welcomed 
by D. K. Wallace, vice-president of 
Oklahoma Natural Gas Co. 


@ This same day an important meeting 
of our Technical Papers Committee, with 
Chairman T. N. Armstrong and Jowur- 
NAL Editor Bonney Rossi in attendance, 
was held in New York to select papers 
for the 1959 Annual Meeting to be held 
in Chicago April 6-10. In Chicago, 
Exposition Manager Bob Kenworthy 
and staff members Frank Mooney and 
Art Phillips were completing arrange- 
ments for this same event. 


@ Late evening again found your Secre- 
tary on a flight back to St. Louis and 
on to Chicago. Friday included morn- 
ing conferences with the Convention 
Bureau, officials of the Exposition Hall, 
and decoration, moving and cleaning 
contractors. During — the 
Chairman L. 8. MePhee held a meeting 
of the local arrangements committee 


aiternoon 


and started plans for the events vou will 
enjoy in Chicago next April. Included 
in the group are Harry Comstock, Ted 
Jefferson, Amel Mever, L. C. Monroe 
and other well-known Chicago members 
who have had previous experience at 
conventions held in their home town. 

@ Following a social period and dinne: 
in a nearby restaurant, the Chicago 
Section meeting was held in the audi- 
torium of the Peoples Gas Light and 
Coke Co. 
to use natural gas for metal cutting and 


Five speakers explained how 


preheating before a large audience 
with A. G. Craske skillfully performing 
as moderator after Chairman R. A 
Mueller opened the meeting and your 
Secretary spoke briefly. Director A] 
Chouinard participated in the meeting 
and joined Ted Jefferson, Frank Moone \ 
and the writer in a discussion of welding 
problems in an after-meeting session. 

@ These notes were started on an air- 
plane enroute back to New York and 
completed after reaching Stamford on 
Saturday afternoon, September 20th. 


Fred Pi 


Chyle Hits the Jackpot 


Past-President John J. Chvle of the 
AMERICAN WELDING Society walked off 
with top honors in a contest for indus- 
trial scientists and won a 2-week, “all 
expenses paid” trip for two to the Brus- 
sels World Fair. 


John J. Chyle 


Called “Jobs for Tomorrow’ and 
sponsored by Microbeads, Inc., an out- 
growth of Libby Glass Co., the contest 
sparked the interest of 751 research 
technicians who turned in a total of 1436 
ideas. The contestants were asked to 
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suggest wavs of using a basic new ma- 
terial 
4s small as one micron. 


tiny glass beads with diameters 
Mr. Chyle’s 
suggestion to incorporate microbeads in 
electrode coatings was adjudged the 
most original and the one most likely to 
create the greatest number of jobs over a 
five-vear period. 

Mr. Chyle is director of Welding Re- 
search at A. O. Smith Corp. in Milwau- 
kee, 


AWS Announces Two New 
Supporting Companies 


According to a recent announcement 
from the headquarters of the AMERICAN 
WELDING Society, two more firms have 
joined the ranks of Supporting Company 
members. They are Air Preheater 
Corp., 120 8. Main St., Wellsville, 
N. Y., and Crosley Division, Avco Mfg. 
Corp., Berry Field, Nashville, Tenn. 

Both enrollments became effective 
on Aug. 1, 1958. 


AIME Elects New Officers 


In recent elections by the American 
Institute of Mining, Metallurgical, and 
Petroleum Engineers, Howard C. Pyle, 
president of Monterey Oil Co., was 
named to succeed Augustus B. Kinzel, 


vice-president-research of Union Car- 
bide Corp., as president of AIME for 
1959. Joseph L. Gillson of Eu. du 
Pont de Nemours & Co. was elected 
president-elect. The 
named the following individuals to vice- 
presidential posts: Thomas C. Frick 
Walter R. Hibbard, Jr., Elmer A. Jones 
and John C. Kinnear, Jr. 

John Chipman, professor of metal- 
lurgy at MIT, was elected president for 
1959 of the Metallurgical Society of 
AIME sueceeding Dr. Hibbard. Carle- 
ton C. Long was named president-elect 
of this same group. The new directors 
will be Ralph W. Farley, John H. Hollo- 
mon, Albert E. Lee, Jr., Osear T. Mar- 
zke, John D. Sullivan and Michael 
Tenenbaum. 


also 


ASM Names Wells to 
Exposition Post 


Appointment of Chester L. Wells as 
manager of the American Society for 
Metals’ metal expositions has been an- 
nounced by the board of trustees of the 
society. 

Mr. Wells, previously assistant direc- 
tor of the Metals Shows, had also served 
as eastern representative for Metal 
Progress. He succeeds the late William 
L. Eisenman in his present position. 
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EDUCATIONAL ACTIVITIES 


Does the 


Educational Activities Committee 


Mean Business? 


by T. EMBURY JONES 


T. Embury Jones 


At the Annual AWS meeting in St 
Louis there was an open meeting to 
determine how the Educational Activi- 
ties Committee could help the local sec- 
tions and how even greater participation 
from the sections could be obtained 
The theme of that me ting was “Educa- 
tion Means Business!” 

The fact that such a large erowd 
turned out that some were actually 
turned away for lack of space testifies to 
the interest. National officers, direc- 
tors and many others took time out 
from their busy schedules to attend, and 
the enthusiasm generated not only 
backed up the work of the EAC to dat 
but challenged the 
“full speed ahead.” 
time for everyone to express his opil- 
ion, and it seemed to be the general feel- 
ing that additional meetings should bh: 
held in the future. 

Does the AWS Educational Activities 
business? We be- 
lieve it does, and sparked by an out- 
standing chairman in Clarence Jackson 
and its continuity insured by an excel- 
lent secretary, Art Phillips, it begins to 
Meetings such as the one 
held in June at Tube Turns in Louisvill 
and the October meeting held at 
General Motors Institute in Flint are 
keeping things moving, but the job 
ahead is tremendous. 


committee to go 


There just wasn't 


Committee mean 


show results. 


T. Embury Jones is vice-chairman of the Educa 
tional Activities Committee and president of Pre 
cision Welder & Flexopress Co 
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What can we do to convince the young 
man in high school and in engines ring 
school that the welding field is one of the 
most fascinating fie Ids one could enter? 
We who have been in it for years know 
that there is never a dull moment and 
that the rewards are well worth while. 
We know that there is a big demand for 
welding engineering graduates, and that 
the starting salaries of this vear’s weld- 
ing engineers from Ohio State were well 
above th A good 
start has been made with the booklet 
Welding In- 


dustry,”” but that is not nearly enough 


national average. 
“Opportunities in the 


One of the biggest problems is our 
We all 
know that emphasis is shifting from the 
art of engineering to the science of engi- 
result that welding 
laboratories are being dropped. 


contact on the university level. 


neering, with the 


In place of the actual doing, lecture 
demonstrations and visual aids are be- 
As one university states it, 
“There is not enough time to show the 
student ‘how to weld’ but rather we 
would like to illustrate the ‘why’ and 
where’ of welding, in short, the proper- 


ing used. 


ties of the welding processes, their ad- 
vantages and limitations.” 

Is our industry suffering from the 
change? I believe it is and the prepara- 
tion of movies, textbooks opportunity 
booklets and other selling means 1s 
essential. One of the most difficult 
tasks of EAC has been to organize the 
College Training Committee and the 
Educational Advisory Council (consist- 
ing of five or more educators)—Why? 
Our educators are busy and their in- 
comes at the University are almost al- 
often more 
than matched by outside consulting 
work. We ask them to spend their 
time (which means money to them) and 
travel to committee meetings at their 
own expense to help us sell the welding 
industry to their students. The answer 
is evident. One technical society has 
an item of $12,000 a year in their budget 
for expenses for university people attend- 
Visiting leec- 
tureships, summer employment, teach- 
ing awards and research grants are 


ways supplemented and 


ing committee meetings. 


among the other methods used to main- 
tain the interest of these educators. 
Still another problem has been the 
organization of the committee on the 
technical institute level. With the 
engineering schools emphasizing the 
science of engineering (even going as far 
as eliminating the historic departments 
such as mechanical, electrical, ete.) it 
becomes the function of the technical 
and vocational institutes to teach the 
We must “get on 
the ball’ and take full advantage of the 
opportunities offered here. Many of 
the same incentives and literature for the 
universities could be used in this field. 
Yes, EAC means business, but we 
need the cooperation of industry, the 
national headquarters, the sections plus 
the educational institutions from the 
schools through the universi- 
ties. In our discussions at the Inter- 
national Institute of Welding at Vienna 
one of the delegates from the U.S.S.R. 
indicated that there were 350 technical 
men working with him at the one insti- 
tute on developing the welding proc- 


esses. Another challenge! 


arts of 


secondary 


BOUND VOLUMES OF 
JOURNAL AVAILABLE 


Individual bound volumes of THE 
WELDING JOURNAL for the years 
1948, 1955 and 1957 are available 
in black imitation leather covers, to- 
gether with a comprehensive subject 
and authors index. 1948—price 
$10.00; 1955—$15.00; 1957— 
$15.00. 

Each volume represents a veritable 
encyclopedia of information in the 
welding field. Copies may be or- 
dered through the AMERICAN 
WELDING SOCIETY, 33 W. 39th 
Street, New York 18, N. Y. 
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News and Events 


FLUX-CORED ELECTRODE 
WELDING 


Denver, Colo. The Colorado See- 
tion held its first meeting of the sea- 
son on September 9th with a good 
turnout. The evening started with a 
very good dinner at Cavaleri’s Res- 
taurant. The speaker for the evening 
was J. A. Howerv 9, 
the Technical Service Department of 
National Cylinder Gas Co. His sub- 
ject was: “Flux-Cored-Eleetrode Are 
Welding.” Mr. Howery illustrated 
his talk with slides and with a high- 
speed movie on electric welding ares, 


supery isor of 


as reported to Catherine O'Leary 


A very excellent presentation of the 
subject was given by the speaker. 


ALUMINUM-WELDING 
PROGRESS 


Bridgeport, Conn.—-The Bridgeport 
Section met for dinner and meeting on 
September ISth at the Fairway Res- 
taurant. 

“Aluminum Welding, Past, Present 
and Future’ was the subject presented 
by Ivan A. MacArthur of the Metals 
fesearch Laboratory, Olin Mathieson 
Chemical Corp. In his talk, Mr. 
MacArthur discussed the bas 


prob- 


lems encountered in aluminum weld- 
ing and traced its development from 
infancy to its present position as the 
most widely used method of joining 
aluminum. 

The physieal properties of alumi- 
num which influence weldability, tc 
electrical and thermal conductivity 
resistivity, coefficient of expansion 
and melting point) were 
The importance of the presence of th 
oxide film was explained and the 
methods which are used for its. re- 
The development of the weld- 
apply to alumi 


discussed 


moval. 
ing processes as they 
traced from the early 
method through thos: 
a chemical flux to 


num were 
‘puddling”™ 
Hrocesses which use 


Jay Bland presented a series of five 
lectures on “Practical Welding Metall- 
urgy” at the recent Educational Lec- 
ture Series in Chicago 


EDUCATIONAL LECTURE SERIES SPONSORED BY CHICAGO SECTION 


Speaker Bland (extreme left) is shown here with members of the Chicago Section’s 
Educational Activities Committee: (left to right) Messrs, Lilly, Nielson, Bailey, Becker 


and Oller 


This is o partial view of the 220 individuals who attended the Educational Lecture Series at the Chicago Bridge and Iron Dome 


in Chicago 
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those which use an cleetric are ih an 
inert gus. Resistance welding meth- 


ods were also discussed. 


District of Columbia 


WELDING OF HY-80 STEEL 
Washington, D. C.—The Washing- 
ton, D.C. Section met on September 
ISth for dinner at O’Donnald’s Res- 
taurant and for a subsequent meeting 
in the auditorium of the Perpetual 
Building Assn. “The Welding of 
HY-S0 Steel” was the subject covered 
by the speaker, Ernest H. Franks @W 
superintendent of Metals Section at 
the Philadelphia Naval Shipyard. 
Mr. Franks pointed out that the 
development of HY-SO steel has pro- 
vided fi weldable, high-strength 
noteh-tough material suitable for pres- 
sure vessel and other critical applica- 


tions. The effect. of electrode mots- 


ture content, heat input, preheat 
temperature, tempering bead tech- 
nique and welding procedure on. the 
production of weldments with satis- 
factory notch toughness were illus- 


trated as were the capabilities of this 
weldment. 


EDUCATIONAL LECTURE 
SERIES 


Chicago, Ill.——The Chicago Section 
held its first Educational Lecture 
Series on “Practical Welding Metal- 
lurgy”’ with an enrollment which was 
restricted to 220 and was a complete 
sellout 

Jav Bland of the Standard Oil Co 

Indiana and 1956 AWS. Lincoln 
Gold Medalist presented five 2-hour 


lectures as follows 


sept. 4 Steel Making Processes 

Typ s of Steel 

Mechanical Prope rties 

Wi Iding Proc SSCS 

Introduction to 
lurgy 

Simple Welds in Steel 

Thermal Effects of Weld- 
ing 

Base Metal Factors 

Tests to Measure Weld- 
ability 


sept. 11 
Metal- 


Fluxe s and Slags 
Electrode Classifications 
Difficulties and Defects 
Welding Common Steels 


Wi Iding Economics 


pt. 25 


Oct. 2: 


Mr. Bland used as his text the 
‘Welding Metallurgy” 
Henry and Claussen. 

The meetings were held in the Chi- 


eourse by 


cago Bridge and Iron Co. Dome with 
facilities being donated gratis by the 
company. 
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SECTION MEETING CALENDAR 


NOVEMBER 11 

DAYTON Section. 
Ohio. Social period 6:30 P.M. 
P.M. Meeting 8:00 P.M. 
Welding,’ Morris Thomas, General Motors In- 


Kuntz's Cafe, Dayton, 
Dinner 7:00 


“Education for 


stitute. 
NOVEMBER 13 

IOWA-ILLINOIS Section, Moline, Ill. "Time 
Standards for Welding,” P. L. Sommer, Le- 
Tourneau- Westinghouse Co 

KANSAS CITY World War Il 
Memoriai Building, Paseo Ballroom, Kansas City, 
Mo. Social hour 5:30 P.M. Dinner 6:30 
P.M. “Welding of Stainless Steels,’ D. W 
McDowell, Jr., International Nickel Co. 

MADISON Section. Eagles Club, Madison, 
Wis. “Welding Aluminum and Its Alloys,” 


Section. 


Howard Adkins, Kaiser Aluminum & Chemical 
Labs., Inc 

NASHVILLE Section 
Bldg., Nashville, Tenn. 


Chamber of Commerce 
Meeting 7:30 P.M. 
“Hard Surfacing and Die Repair Maintenance 
Welding,” L. D. Richardson, Eutectic Welding 
Alloys Corp. 
NOVEMBER 14 
COLUMBUS Section, Columbus, Ohio. 
tion of Ferrous Electrodes,’’ Columbus Section 


"Selec- 


Panel. 
NOVEMBER 17 
SAN FRANCISCO Section. 
Grotto, Berkeley, Calif. 6:30 P.M. 
matic and Semiautomatic Welding of Steel 
with the Inert-Gas-Shielded Metal-Arc Proc- 
ess,’ Harry Bischel, Westinghouse Electric Corp. 
NOVEMBER 18 
HARTFORD Section. Villa 
Dinner 7:30 P.M. Meet- 
“Materials and Welding of an 


Spenger's Fish 
“Auto- 


Maria Hotel, 
Glastonbury, Conn 
ing 8:30 P.M. 
ICBM," A. Hurlich, 
Dynamics Corp. 

NEW JERSEY Section. 
N. J. Dinner 6:30 P.M. Meeting 8:00 P.M 
"Power Supply,"’ Panel Discussion. 

NEW ORLEANS Section. ‘Welding of Pres- 
sure Vessels," P. O. Leach, Combustion Engi- 


Convair Div., General 


Essex House, Newark, 


neering Co. 

NORTHWESTERN PENNSYLVANIA Section. 
Town and Country Restaurant, Erie, Penna. 
“Metal Gathering,”” W. F. 
Winfield Corporation. 


Haessly, Taylor 


OLEAN-BRADFORD Section. The Castle, 
Olean, N. Y. Dinner 6:30 P.M. Meeting 
8:00 P.M. “Hard Surfacing by Welding,” 


Richard K. Lee, Alloy Rods Co. 

YORK CENTRAL-PENNSYLVANIA Section. 
6:30 P.M. Dinner Meeting. Viking Club, West 
York, Pa. “A Radiographic Look at Welding,” 
William D. Duffy, Universal Testing Labs., Inc. 


NOVEMBER 19 


PITTSBURGH Section. 
“Government Codes and Specifica- 


Auditorium, Mellon 
Institute. 
tions,"" A. N. Kugler, Air Reduction Sales Com- 


pany. 


NOVEMBER 20 


BATON ROUGE Section. 7:00 P.M. Bellmont 
Motor Hotel, Baton Rouge, La. “Pressure 
Vessel Fabrication,’ William R. Apblett, Foster 
Wheeler Corp 

MAHONING VALLEY Section. Dinner 7:00 
P.M. El Rio Restaurant, Warren, Ohio. ‘Fabri- 
cation of Electric Motors, Transformers, Hydraulic 
and Air Brakes,’ O. Wulfert, Electrical Division 


of Wagner Electric Corp. 


NOVEMBER 21 


CHICAGO 
Dinner 5:45 P.M. 
Gas Auditorium 
Welding,” Frank Williams, Taylor Forge & Pipe 
Works 

INDIANA Section. 
P.M Fusion Welding Fixturing,"’ A. Pandiiris, 
Pandjiris Weldment Co. 

MARYLAND Section. 
‘New Developments in Welding 


Section. Milner's Restaurant. 
Meeting 7:30 P.M. Peoples 


‘Modern Trends in Pipe 


Dinner meeting. 6:30 


Engineers Club, Balti- 
more, Md 
Stainless Steel,"’ Armco Steel Corp. 


NOVEMBER 24 


WESTERN MICHIGAN Section. Plant tour 


and lecture at A.M.1., Inc. 


DECEMBER 1 


LEFIGH VALLEY Section. Dinner 6:30 P.M. 
Meeting 8:00 P.M. Walp's Restaurant, Allen- 
town, Pa. “Construction Problems in the 
Development of Guided Missiles,’ Dr. WwW. 
Lucas. 

SAN ANTONIO Section. Captain Jim's. 
San Antonio, Texas. Social 6:30 P.M. Dinner 
7:15. Meeting 8:00 P.M. 
sure Welding and Testing for Pipeline Welders,” 


B. D. Rowland, Carl M. Jorgerson Co. 


“Aspects of Pres- 


DECEMBER 5 


COLUMBUS Section. Columbus, Ohio. "Se- 
lection of Nonferrous Electrodes,’ Columbus 
Section Panel. 

PHILADELPHIA Section. Engineers Club, Phila- 
Meeting 7:45 P.M. “Solution 
of Welding Problems,” Panel Discussion. Panel: 
J. MacKinney, J. Girini, L. Poole and R. Guenzel. 
Moderator, W. Wooding. 


delphia, Pa. 


Editor’s Note: 


to November 20, so that they may be published in January Calendar. 


Notices for February 1959 meetings must reach Journal office prior 


Give full 


information concerning time, place, topic and speaker for each meeting. 
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HISTORY OF WELDING 


Wichita, Kan.—On Monday eve- 
ning, September Sth, the Wichita See- 
tion opened the 1958-59 season with 
a social hour affording an opportunity 
for members and guests to get to- 
gether. An excellent fried-chicken 
dinner followed at 7:00 P.M. at 
Howard's Foodliner. 

The meeting was an informative 
and entertaining talk on “‘The His- 
torv of Welding” by Glenn E. Smith 
WS, manager of sales promotion for 
Tweeo Products, Ine., of Wichita, 
Kan. Mr. Smith gave a brief back- 
ground on the beginnings of welding 
and the people who started it all, fol- 
lowed by a number of pictures taken 
during the period 1916-30 which were 
shown on a large screen. There was 
quite a bit of amazement at the 
change that has taken place in the 
welding industry in the past forty 
years. 


AWARD NIGHT 


Detroit, Mich.—The Detroit Sec- 
tion opened its 1958-59 season with an 
innovation intended to become an 
annual event. The George N. Sieger 
Memorial Award has been established 


J. R. Stitt receives the first George N. 
Seiger Memorial Award at the Septem- 
ber 12th meeting of Detroit Section 


Mrs. George N. Sieger is presented 
with a corsage by Past-Chairman 
Vaughan Reid (center) and Bud Guest 


to honor annually the member of the 
Section who has, during the preceding 
year, made an outstanding contribu- 
tion to the advancement of welding. 
The late Mr. Sieger was a past presi- 
dent of the American WELDING 
Society and a past chairman of the 
Detroit Section. Also, he held many 
other national offices. His dedication 
and energy account, in large part, for 
the present strong position of the 
Detroit Section. J. R. Stitt, treas- 
urer and past chairman of the Section, 
was the honored recipient of a plaque 
and his name will appear on the per- 
manent memorial plaque as the first to 
receive the award. 


A dinner, attended by LSO members 
and their ladies, was the setting for 
the award. Mrs. George N., 
was the guest of honor. Vaughan 
Reid, past chairman, spoke of the 
earlier davs of the Seetion and of Mi 
Sieger’s many good Many 
other past chairmen, as well as two 
of the charter members of the Section 
were present. 

The meeting was then transposed 
to the Engineering Society of Detroit 
auditorium. Here, the audience was 
entertained by one of Detroit’s out- 


Sieger 


works. 


standing personalities, Edgar A. (Bud 
Guest Jr., who spoke on ‘Welding on 
the Sunny Side of the Street.” 


MEMBERS OF EAST CENTRAL DISTRICT NO. 5 COMMITTEE MEET AT BATTELLE 


The East Central District No. 5 Committee members met on September 5 at Battelle Memorial Institute in Columbus, Ohio. 
Seated (left to right) are R. L. Stratton, chairman of Dayton Section; D. C. Brown, chairman of Louisville Section; H. E. Schultz, 
district director, District No. 5; R. P. Sopher, vice chairman of Columbus Section; and R. B. Leiter, chairman of North Central 
Ohio Section. Standing are (left to right) Douglas Fitting, chairman of Indiana Section; Frank Howard, chairman of Stark 
Central Section; H. F. Schulmeister, membership chairman, Dayton Section; B. D. Canine, membership chairman, Indiana Sec- 
tion; H. E. McBride, chairman of Cleveland Section; R. M. Losee, chairman of Cincinnati Section; H. A. Balthasar, Director, 
Columbus Section; R. A. Bowers, chairman of Columbus Section, and J. V. Giorgione, membership chairman, Columbus Section. 
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their part in this field. : E 
Redondo Beach, California 


Your weldor’s opinion is worth 
a thousand words 


For data and specifications on Lincoln’s 
complete line of mild steel electrodes 
write us and request Bulletin 7000.1. 


The World’ Largest Manufacturer Y 
of Are Welding Equipment 


IN C LN 
; 


THE LINCOLN ELECTRIC COMPANY, Dept. 1946, CLEVELAND 17, OHIO 
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The Northwest Section is hold- 
me a institute on 
‘Metals and How to Weld 
Them,” at the University of 
Minnesota on November 
and 12th. Fundamentals of weld- 
ing metallurgy, recent develop- 
ments in welding and design for 
welding will be stressed. 

The program will open with 
registration at 8:00 A.M. on Tues- 
day, November 11th. 

The meeting will open at 9:15 
A.M. with a paper on “Solidifica- 
tion of Metals.” by two members 
of the faculty, Profs. Fulton 
Holtby and Henry 38. Jerabek. 

After a coffee break, the pro- 
gram will continue at 10:45 with 
a paper on “Functions of Welding- 
Electrode Coating’ by Frank W. 
Scott, general manager of Mar- 
quette Mig. Co. 

The afternoon session will open 
at 1:00 P.M. with a paper on 
“Thermo and Mechanical Treat- 
ment of Weldments.”’ by Rov B. 
MeCauley, chairman,  Depart- 
ment of Welding Engineering at 
the Ohio State University. 


NORTHWEST SECTION TO SPONSOR TWO-DAY INSTITUTE 


Following a coffee break, the 
afternoon program will continue 
at 2:45 with the presentation of a 
paper on “The Use of T-1 Steel in 
Structural Fabrication,” by 
Daniel J. Snyder, service metal- 
lurgist, United States Steel Corp. 

A dinner, for which tickets are 
required, will be held at 6:00 
P.M. under the auspices of the 
Northwest Section. All inter- 
ested persons are urged to attend. 
Tickets may be purchased be- 
tween 8:00 and 9:00 A.M. at a 
desk located near the Dormitory 
Desk at the Center for Continua- 
tion Study. Dinner speaker will 
be William N. Osborne, whose 
topic will be, “Tmplieations ot 
Our Missile and Space Age.” 

On Wednesday, November 12th 
the morning session will start at 
9:00 A.M. with paper by 
Warren L. Svkes, chief electrical 
engineer, Miller Electric Mfg. 
Co., on “Recent Developments in 
Power Sources for Welding.” 

After a coffee break, the morn- 
ing session will be renewed at 
10:30 with the presentation of a 


paper on “Reeent Developments 
Welding Aluminum,” by 
Charles Bruno, chief welding en- 
gineer, Reynolds Metals Co. 

The afternoon session opens at 
1:00 P.M. with a paper on 
“Fundamentals and Application 
of Resistance Welding,” by Joseph 
Cooper, chief sales engineer, Tay- 
lor-Winfield Corp. 

At 2:00 P.M... a paper on 
“Techniques for Reducing Weld- 
ing Costs” will be given by John 
Mikulak, assistant to the vice- 
president in charge of manufac- 
turing at the Worthington Corp. 

At 3:30 a paper on ‘Design 
and Its Affect on Cost” will be 
given by Thomas Micholl, dis- 
trict manager, Lincoln Electric Co 

This institute is designed for 
superintendents, foremen, weld- 
ing engineers and other qualified 
personnel concerned with welding 
problems. 

Fees are as follows:  registra- 
tion, $3.00; tuition, $9.50; total 
$12.50. This does not include the 
cost of the dinner on Tuesday 
evening. 


WELDING STAINLESS 
STEELS 


Manchester, N. H.— The Vew 
Hampshire Section met on September 
16th for dinner and meeting at the 
Queen City Motel in Manchester. 

The meeting 
nine o'clock with 
presiding. 


promptly at 


Worrell] 


began 
Robert 


The speaker of the evening was 
Harry F. Reid @9, of the McKay 
Co., York, Pa His subject was 
“Welding of Stainless Steels.” Mr. 
teid described the different branches, 


martensitic, ferritic and austenitic, 


and the metallurgical 
each. He explained the methods and 
the filler metal which must be used to 
join the numerous varieties of stain- 
welding. He de- 
scribed the different groups of alloys 
in detail: resistance, 
strength, conductivity 
using slides to demonstrate the charts 


properties ol 


less stee!] by are 


eCorroston 


finish and 


used in the lecture. 


Oklahoma 


MAINTENANCE WELDING 
Tulsa, Okla. 


meeting of the 


At the September 3rd 
Tulsa Section held 


at the Alvin Hotel, Tulsa. F. W. Zilm 
AWS, contracting administrator for the 
Service Pipe Line Co. of Tulsa, spoke 
on maintenance welding on high-test 
pipe. 

theme of Mr. Zilm’s 
address concerned the testing tech- 


The main 


nique applied to the tensile strength of 


the welding sections He showed 
slides demonstrating the testing of 
pipe. This addi- 
interest to the meeting and 


proved to be very instructive 


high-tensile gave 


tional 


The members also enjoved ra | social 
gathering and a fine turkey dinner be- 
fore the meeting. 


PITTSBURGH SECTION VISITS WESTINGHOUSE PLANT 


Pittsburgh Section visited the East Pittsburgh works of the 


Westinghouse Electric Corp. on September 2nd. 
the group is shown boarding one of the buses to go from 


parking area to the plant proper 
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Part of 


Cable 


P. C. Smith, assistant general manager of Westinghouse 
plant, welcomes the visiting group. Seated in front row 
(left to right) are J. F. Minnotte, E. F. Davis and H. Edward 
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The clad material in this process 


vessel is 304 on A 285 Grade C plate. Critical welds demand the quality of 


Arcaloy 309 Lime electrodes were used 


for the entire joint on all girth seams * AKT ANY 
because of variances in the thickness n) ¢ i ( ) 
ad: di AAS 


of the plate material. -~ 
Approximately 1200 pounds of 


Arcaloy 309 Lime electrodes were used STAINLESS STEEL ELECTRODES 


for seam joints and nozzle fittings on 


Stainless steel or stainless clad material is used on critical applica- 


tions for its corrosion resistance and high strength properties. The 
nation’s leading fabricators specify Arcaloy stainless steel electrodes 
to retain these properties and to safeguard their reputation. 

Colonial Iron Works, Cleveland, Ohio, has relied on Arcaloy elec- 
trodes for many years because they produce the quality of weld metal 
required for critical stainless welds. They know that they can depend 
on this quality always and in any of the more than thirty different 
analyses of stainless electrodes made by Alloy Rods Company. They 
also know that their distributor, Scott-Tarbell, Inc., can meet their 
needs with “always fresh” electrodes, because they are hermetically 
packaged in metal to safeguard freshness and quality. 

Your Alloy Rods Company representative or distributor has the 
knowledge and products to meet your stainless steel welding require- 
ments. Give him a call or write direct requesting Bulletin AR-103. 
Alloy Rods Company, P. O. Box 1828, York, Penna. 


Rods Company 


Cast Iron 
Tool Steel 


Bronzes & Dissimilar Metals YORK, PENNSYLVANIA e EL SEGUNDO, CALIFORNIA 
Hard Surfacing Electrodes & Wires 


NO FINER ELECTRODES MADE. - ANYWHERE 


For details, circle No. 11 on Reader Information Card 
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SPEAKS ON PIPE LINES 


F. W. Zilm spoke on maintenance 
welding of high-test pipe lines at the 
September 3rd meeting of Tulsa Sec- 
tion 


Pennsylvania 


PLANT VISIT 


E. Pittsburgh, Pa.—Seventy-one 
members of the Pittsburgh Section 
were conducted through the Research 
and Experimental Laboratories and 
through the assembly aisles of the 
Westinghouse Electric Corp., East 
Pittsburgh Works, on Friday, Sep- 
tember 12th. Many interesting weld- 
ing applications were witnessed. 


Tennessee 


WELDING ALUMINUM 
ALLOYS 


Kingsport, Tenn.—Ceorge M. Fre- 
hafer OWS, of Revnolds Metals Co., 
addressed the September 16th meet- 
ing of the Holston Valley Section which 
met at the Kingsport Inn at 7 P.M. 
for dinner and meeting at S P.M. 

Mr. Frehafer, a welding engineer, 
spoke on “Welding of Aluminum 
Alloys.” Dealing with the inert-gas 
tungsten-are and the inert-gas metal- 


DISCUSSES ALUMINUM 
WELDING 


George M. Frehafer spoke before the 
Holston Valley Section on September 
16th. His topic was “Welding of 
Aluminum Alloys” 


are processes, his talk covered basic 
considerations for welding aluminum. 
He also discussed several all-welded 
structures, using sixty slides to show 
various stages and economies. 

Before joining Reynolds last March, 
Mr. Frehafer was with Kaiser Alumi- 
num and Chemical Corp., Air Prod- 
ucts, Inc. and Aluminum Company of 
America. 


PICNIC 

Brentwood, Tenn.—The first get- 
together of the Nashville Section of the 
season was held on Saturday, Sep- 
tember 13th at the John MeCann 
Farm, Brentwood, where a delicious 
barbecue picnic was enjoyed by some 
forty members and guests. 


Texas 


STAINLESS STEEL 
AND TITANIUM 


Dallas, Tex.—The Dallas Section, 
which hereafter will be known as the 
North Texas Section, held its first 
meeting of the coming vear, 1958-59, 


September 9th. 


FALL EDUCATIONAL 
COURSE 


In order to better serve the 
industries in the Greater Houston 
Area, the Houston Section has 
instituted «a series of annual 
educational courses which cover 
the various aspects of welding. 

The initial course is entitled 
“Fundamentals of Welding” and 
is aimed at the man who is di- 
rectly concerned with any of the 
various types of welding currently 
in use, 

The course consists of «a series 
of lectures delivered once a week 
in the College of Technology 
Building at the University of 
Houston. The first lecture was 
given on October 6th, from 8:00 
to 10:00 P.M. with succeeding 
lectures at the same time each 
Monday night. The entire series 
will run 8 weeks. 

These lectures are delivered by 
various men, each a recognized 
authority. 

Typical subjects covered ure: 
Welding Processes, Metallic Are 
Welding, Welding Metallurgy, 
Thermal and Mechanical Treat- 
ment, Problems Associated with 
Welding, Qualification Procedure 
and Operator, Inspection of Weld- 
ing Methods and Equipment, De- 
sign and Cost of Welded Joints, 
Hard Surfacing, ete. 

Nonmempbers are charged a lee 
of $20.00 for the course. How- 
ever, five dollars of this fee may 
be applied to the purchase of a 
membership in the AWS. 

AWS members are charged 
$15.00. 

Hubert Crick, Section Chair- 
man, P. O. Box 279, Houston, 
Tex., isin charge of arrangements. 


at the Western Hills Inn on Tuesday, 
All regular meetings 
hereafter, unless otherwise stipulated, 
will be held the second Tuesday of 
each month at the same convenient 
location, which is midway between 


Ft. Worth and Dallas. 


OFFICERS OF NASHVILLE SECTION FOR 1958-59 


B. C. Haworth, 
Chairman 


J. L. Bevill, 
Vice Chairman 


R. W. Liddle, 
Secretary 


W. E. Moran, 
Treasurer 
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Shown standing at Speakers’ Table at the September 9th meeting of North Texas Mr. Collins (left) congratulated by 
Section are (left to right) Cliff Moss, W. H. Irwin, A. Bernson, S. P. Jenkins, J. C. Chairman Jenkins after his talk on 


Collins (guest speaker), J. Bland and E. |. Mai tungsten-arc welding of light-gage 
stainless steel and titanium 


enthusiastic reception of this talk was attending the meeting. 
was a round-table 


After the business session, a very 


followed by a question-and-answer The program 
Session. discussion on the designation of AISI 
and SAE Steels with J. A. Rounds, 


ROUND-TABLE DISCUSSION Earl M. Jorgenson Co., Ek. E. Wagner, 
Alamo Iron Works, Gus Eschenburg, 


excellent and interesting paper en- 
titled *Tungsten-Are Welding of 0.002 


in. and 0.005 in. Stainless Steel and 


Titanium,” was given by J. C. Collins 


AWS), research: welding engineer with Sen Antonio, Tex.—The Sen An- lamo Ve 
Convair at Ft. Worth. This paper, tenis Geotion held iis: fell Big Phree Welding, and A. J. Bell, 
given with the aid of slides, clarified on September 2nd at Strange’s Party City Public Service Board, serving as 
many of the fitup and welding prob- House. Thirty-three members were moderators. This was a very interest- 
lems which are present when working present for the social hour and din- ing and informative discussion of 
and using thin-gage material. The ner, with five additional members benefit to all. 


FOR ALL HEAT-DEPENDENT / 
OPERATIONS 


Available in 
these Temperatures (F.) 


Sixty-three different compositions enable you to determine 

and control working temperatures from 113° to 2000° F. 
TEMPILSTIK® marks on workpiece “say when” by 

melting at stated temperatures — plus or minus 1%. 


ALSO AVAILABLE IN LIQUID AND PELLET FORM .. . WRITE 
‘“*WELDING SALES’’ DEPT. FOR SAMPLE TEMPIL® 
PELLETS . . . STATE TEMPERATURES OF INTEREST—PLEASE! 


Tempil . ORPORATION 132 WEST 22ND STREET, NEW YORK 11,N. Y. 


For details, circle No. 12 on Reader information Card 
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COLLINS ADDRESSES NORTH TEXAS SECTION 
‘ff 4 
+f ff y 
163 425 1200 4 
175 438 1250 
/ 188 450 1300 
200 463 1350 
213 475 1400 
225 488 1450 
238 500 1500 
by 250 525 1550 
275 600 1650 
| 288 650 1700 
300 700 1750 
Kaas / 313 750 1800 
325 800 1850 es; 
is 338 850 1900 4 
Wy) 350 900 1950 
363 950 2000 
— 


Total National Membership 

Effective September I, 1958 5,991 
MEMBERSHIP CLASSIFICATION Associate Members. 5,728 
A-—-Sustaining Member B-- Member C Associate Member 16 
D--Student Member E--Honorary Member F Life Member 12,119 
: Support Your Society—Be Active! 


ATLANTA 
Wilcox, Robert D. (B 
BIRMINGHAM 
Freeman, Robert N. (B 
BOSTON 

Crosby, Joseph M. (C 
BRIDGEPORT 
Bissell, Kenneth B. (B) 
CANADA 


Dollansky, Kurt W. (B 
Scott, William Douglas (C) 


CHICAGO 


Cook, Walter L. (B) 
Hueckstaedt, Ervin M. (C) 
Huelser, Paul W (B) 


CINCINNATI 
Cook, Raymond G. (B 


CLEVELAND 


Duffy, W. Henry (B) 
Hoisington, Verl DD. (C 


COLUMBUS 
Roederer, Willis A. (C 
DALLAS 


Ray, William Curtis (C 
teynolds, Roy BE. (C 


DETROIT 

Cesarz, Francis L. (B 
FOX VALLEY 
Tottleben, H. L. (C 
HOUSTON 

Askins, Hubert M., Jr. (C) 
LEHIGH VALLEY 
Elder, John (C 


LONG ISLAND 
Mitchell, Edward P. (C 


Kellenberger, George T. (C) 


LOS ANGELES 


Harrison, Joseph L 
Morley, Jack J. (B 


MAHONING VALLEY 
Wells, Stanley G. (C) 
MARYLAND 


Burl, Gordon J. (B) 
Maneski, James F. (B) 
Seitz, Richard G. (B) 


MILWAUKEE 

Arend, Fritz W. (C) 
Fritsch, Elmer C. (C) 
Johnston, Glenn E. (C) 
NASHVILLE 

Gilliam, James H. (B 
NEW JERSEY 

Smith, Herman Paul (C 
NEW YORK 


Buley, David Rowe (C 
Gaskell, Edward P., Jr. (C 
Gilbride, John 
Maruschek, Joseph J. (B) 
toberts, Hugh (© 
Severage, William H. (B 
NIAGARA FRONTIER 


Korzeniowski, Boris (C) 


NORTHEAST TENNESSEE 


Deel, Jerry W. (C) 
Mims, Grover Ray, Jr. (C) 
Rutledge, Henry C. (C) 


NORTHWEST 

Skyberg, W. O. (C) 
PASCAGOULA 

Lamb, Douglas Gordon (C) 


PHILADELPHIA 


Duneavage, Donald R. (C) 
Rea, Chas. A. (C) 


PITTSBURGH 


Burrows, George W. (C) 


(B 
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CGoas, Robert F., Jr. (B 
PROVIDENCE 


Guertin, Eloi (B 
Hellstrom, Gust (B) 


PUGET SOUND 
Tickell, Vernon A. (B 
ROCHESTER 


Stone, J. A. (C) 
Urbonas, J. J. (C) 


SAGINAW VALLEY 


Gnhirs, Ludwig (C) 
Hovle, George (C) 
Maynard, Phillip (C) 


ST. LOUIS 

Guder, Clyde (C) 

Lochmann, W. J. (B) 

SALT LAKE CITY 
Hickenlooper, Franklin T (B 
titz, Francis B. (B) 

SAN FRANCISCO 


Hettelsater, H. F. (B) 
Hoffman, Arthur A. (B 
Meltzer, Don F. (C) 


SANGAMON VALLEY 
Pittman, James H. (C) 
SANTA CLARA VALLEY 
King, Stanley James (C) 
Kruse, Harold G. (C) 
Powell, Donald F. (B) 
SOUTH FLORIDA 


Booher, Harold E. (B) 
Floroplus, Bill (B) 


STARK CENTRAL 


De Maiolo, Rocco (B) 
Flavell, William H. (C) 


TOLEDO 

Eenschoter, Raymond E. (B) 
WASHINGTON D. C. 
Valley, Eugene Philip (C) 


WICHITA 
Goss, Horton M. (C 
YORK-CENTRAL PA. 


Jovee, John 
Soto, Marcello H. (B 


MEMBERS NOT IN 
SECTIONS 


Maleott, Frederick Lamont (C) 


Members Reclassified 


During the month of September 
CINCINNATI 
Caluwaert, 
COLUMBUS 
Crosswhite, W. M.(C to B 
DALLAS 

Moss, Clifton L., IIT (C 
DETROIT 

Peaslee, Robert Leon (C to B 
FOX VALLEY 

Wiegand, John (C to B 
MAHONING VALLEY 
Ulmer, Arnold A. (C 
MARYLAND 


Metius, Richard (C to B 
Wirth, Eugene H. (C to B 


NORTHWEST 
Niedorf, Aaron (C to B) 
PUGET SOUND 
Whitman, Harold W. (C 
WESTERN MASS. 


Pavlovich, John J. (C to B) 


C.(C to A 


toB 


to B 


to B 


WESTERN MICHIGAN 
Lankenau, Clarence (C TO B) 
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Army Tests Welded Aluminum Bridges 


U.S. Army Engineer Research 


and Dk velopment Laboratories, Fort 
felvoir, Va., are currently conducting 
structural tests on four full-size experi- 
mental all-welded aluminum truss pan- 
els for a military tactical bridge 

Believed to be the first of their kind in 
the United States, thes 
have been fabricated from one of the 


truss panels 
new nonheat-treatable, weldable  alu- 
minum allovs. Design of these experi- 
mental truss pane Is has been based upon 
the general data currently available 

It is anti ipated that the truss com- 
ponents will support a 60-ton tank load 
a 90-ft span. In or- 
der to obtain this capacity in the past 


on approximated 


when high-strength, heat-treatable alu- 


minum allovs were used, it was neces- 


sary to build up basic panel members by 
neutral axis welding The panel com- 
ponents were then joined by 
bolting 


Since military 


riveting or 


bridge equipment Is 


required to be portable and rapidly con- 


structed. the bridge trusses are divided 
into lightweight, simply connected pan- 
els. The basic features of the experi- 
mental panels are: length—16 ft 2 in.; 
height and fabricated weight 

920 |b All of the members of the 
truss panels wer fabricated from alu- 
5456-H32 plate  sto¢ k 
which has an ultimate tensile strength of 
12,000 psi 


7 ft 7 in.; 


minum alloy 


The upper and lower chords 
are box sections, and the diagonal and 
built-up 
All of the welding was 
accomplished by the inert-gas-shielded 
method 


vertical members are 


flange sections 
metal-are using consumable 
eleetrods 

The results of the structural tests are 
expected to give some indication of the 
feasibility. of welded aluminum truss 


panels for heavy military vehicular 
loads and to furnish test data that can be 
utilized in the development ot more 
specifi design criteria for similar truss 


ty pe structures 


The Navy Launches Triton 


The 447-ft submarine, the Triton, was 
launched on August 19th at the Electric 
Boat Division’s shipvard in) Groton 
Conn. A major item of construction in- 
cluded 450,000) of 


Sixtv-six ft longer than any other U. &. 


welding wire. 


submarine, she is also the first ship in 
history to be powered by twin nuclear 
powel plants. Other interesting con- 
struction statistics included 88,000 ft of 
piping, 553,195 ft of cable and 3200 tons 
of steel plate, while a total number of 
2893 plans were used in the ship's de- 


sign. 


NOVEMBER 1958 


National Secretary Fred L. Plummer, 


was among those present at the 


jaunching. 


New Alloy Steel Developed 

Development and production of a new 
ultra-high-strength alloy sheet steel for 
missiles and rockets has been announced 
by Clifford F. Hood, U. 8. Steel’s presi- 
dent. 

Tested and evaluated under the lab- 
oratory designation of Airsteel X-200, 
the new steel was evolved after more 
than two vears of research effort to 
create a sheet steel for missiles and space 
vehicles that would surmount many 
welding and fabricating problems and at 


COMING 
EVENTS 


{ Calendar of Welding Activity 


AWS National Meetings 


10th Annual Meeting and Seventh 
Welding Show. 
April 6-10, 1959, Sherman Hotel, 
Chicago, Ill. 
1959 National Fall Meeting. 
Sept. 28-Oct. 1. Sheraton-Cadillac 
Hotel, Detroit, Mich. 


NWSA 


Dee, 1-2. 1958. Southeastern Zone 
Meeting. Dinkler-Tutwiler Hotel, 
sirmingham Ala. 

Dee. 4. Southwestern Zone Meet- 
ing. The Statler Hilton, Dallas, 
Tex 


NEMA 


Dee. 4, 1958 Are Welding Section 
Quarterly Meeting, Chicago. 

Jan. 26-29, 1959. Plant Maintenance 
and Engineering Show. Cleveland 

Public Auditorium. 


Midwest Welding Conference 


1959. Illinois Institute 
of Technology, Chicago. Sponsored 
by Armour Research Foundation 
and AWS Chicago Section. 


Jan. 28-29, 


[AA 


Mar. 9-11, 1959. Annual Meeting. 
Roosevelt Hotel, New Orleans, La. 


Western Metal E-xposit ion 


Mar. 16-20, 1959. Eleventh Western 
Metal Exposition and Congress, 
ASM and other technical groups, 
Pan-Pacific Auditorium and Am- 
bassador Hotel, Los Angeles, 


Calif. 
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When stainless welds must be the same time possess desired strength 
and toughness levels. 
VAC U U M Ti G HT The new steel was developed at U. 5. 
Steel’s Research Center in Monroeville, 
Pa. Commercial heats have been pro- 
duced or processed at several U. s. 
Steel mills across the nation. 

One of Airsteel’s most unique chiar- 
acteristics is that it is a new air-harden- 
ing missile material which, when cooled 
in air and tempered, develops tensile 
strength levels in the 280,000 psi range. 
Most other alloy steels require an elab- 
orate oil or salt quenching to develop 
equivalent mechanical properties. 

Fabricabilitv tests with Airsteel in- 
cluded forming, fitting up for welding 
welding, heat treating and hydrospin 
ning. Various types of missile motor 
cases with and without longitudinal 
welds were made. 

The weldability study showed that the 
welded joint was equal to the ultra 
high-strength level of Airsteel itself 
Production methods of welding evalu- 
ated during the study included metal-ar 
and inert-gas-shielded are welding 

Results of the tests showed that the 
new steel is highly suitable for missil 


applications including large diameter 
thin-wall motor cases 

At Consolidated Western, a typical 
Airsteel missile component, alter torm- 
ing and welding in the annealed condi- 
tion, was heated to an established tem- 
perature and allowed to air cool to room 
temperature, This operation air-hard- 
ened the steel. A tempering treatment 


Job Report Courtesy of 
Superior Welding Co., Decatur, Illinois 


at a lower temperature, followed by air 
cooling, imparted ductility and tough- 


WE LD WITH Seco ness so that the metal was not brittle. 
WT ™N Airco to Supply Armco Plant 
STA i N LESS E LE CTRO D E Ss Announcement has been made by Air 


Reduction Sales Co. of plans for the con- 
Shown here is a stainless steel furnace body of type 304 ELC for struction of a new plant for Armco Stee! 
use under very high vacuum conditions in the casting of metals Corp. on Air Reduction property at 
where exceptional purity is required. Arcos Chromend K-LC Butler, Pa., to supply the Butler Works 
Stainless Electrodes were used because Arcos electrodes not only of Armco with pipe-line oxygen 
assured the proper weld metal chemistry, but also the necessary The new plant, which will consist ot 
soundness to insure vacuum tight welds. Save money and future an air separation unit with a production 
problems with long-lasting Arcos-produced welds. ARCOS capacity of 120 tons per day of high pur- 
CORPORATION, 1500 S. SOth Street, Philadelphia 43, Pa. itv oxygen, will be installed and oper- 
ated by Air Reduction Sales Co., a di- 
vision of Air Reduction Co., Inc. Up to 
84,000,000 cu ft of oxygen per month 
will be piped from the new unit to Arm- 
co’s Butler Works for use in metallurgi- 
cal applications in the manufacture of 
steel as well as for general steel mill pur- 
poses. 

According to Air Reduction, it is anti- 
cipated that equipment and facilities 
will be installed and in operation within 
18 months. 


All State to Manufacture 
in California 


Thomas D. Nast, president of All- 
State Welding Alloys Co., Inc., White 
For details, circle No. 13 on Reader Information Card 
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Plains, N. Y., has announced hisfirm’s 
intention to establish manufacturing 
operations at the Western Branch, 
located at 4933 Firestone Blvd., South 
Gate, Calif. It was further disclosed 


that coils of extruded aluminum wire 
would be shipped in from All State's 
wire mill in Connecticut to South Gate 
where conversion operations to welding 
Manufacture of 
welding electrodes and spooled wires Is 
also expected to take place at the new 
location 


rod would be made 


Lincoln Builds New Plant 
in Australia 


The Lincoln Electric Co. Ptv. Ltd il 
Australian subsidiary of the Lincoln 
Electric Co. of Cleveland, Ohio, is 
building a new plant for the manufacture 
of are welding ejuipment and supplies 

, Australia 
and is modeled after Lincoln's Cleveland 
plant Access to the plant is through 
two tunnels: one is an entrance for per- 


The new plant is in Sydney 


sonnel and the other is a service wa\ 


All receiving docks are on the back of 
the building. Material flows through the 
various manufacturing processes to the 
front of the building wheré fhe shipping 
docks are located. The plant is divided 
approximately down the middle with 
one-half devoted to the manufacture of 
machinery and the other to manual and 
automatic welding electrodes and other 
welding supplies. The 
office area is in the center of the plant. 

The new plant is a one-story building 
located on a twenty-acre plot in subur- 
ban Alexandria. 


consumable 


Burdett Erects Plant in 
Columbus 


Burdett Cleveland, 


Ohio, has constructed a new plant for 


Oxygen Co., 


the production of liquid and vaporous 
gases which began operation early this 
September at 420 Greenlawn Ave. in 
Columbus, Ohio. 

Addition of complete manufacturing 
facilities to Burdett’s former distribu- 
tion services in Columbus will enable the 
firm to meet the requirements of indus- 
tries in that area with oxygen, nitrogen 
and argon in both liquid and gaseous 
forms as well as acetylene, hydrogen, 
carbon dioxide, helium and pyrolene. 
A full line of all types of welding, cutting 
and safety equipment and accessories 
will be carried at the new plant. 
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How X-Ray Quality Welds Make 
Low Alloy Steels Pay Off 


Superior Tank & Construction Co., Los Angeles, Calif. ee Re is 


LOW HYDROGEN ELECTRODES 


The vessel being welded is part of an L.P.G. tank truck. For high 
strength with low weight—USS “'T-1’’ steel is used and welded 
with Arcos Ductilend 110 Electrodes. These tanks meet or exceed 
ASME code requirements... and all Ductilend 110 welds qualify 
with X-ray soundness. Ductilend 110 is an Arcos Low Hydrogen 
Electrode especially developed for welding high strength notch 
tough steels of the 110,000 psi tensile strength range. Data sheet 
on request. ARCOS CORPORATION ~ 1500 South 50th Street, 
Philadelphia 43, Pa. 


For details, circle No. 14 on Reader Information Card 
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Canadian Welding Course 
Includes Lesson on Leadership 


According to the Canadian Welding 
Bureau, knowledge is not 
enough to ensure sound, safe welding. 
In addition, adequate supervision and 
leadership are necessary. Welding per- 
sonnel responsible under CSA Welding 
Qualification Code W47 are expected 
not only to know but to get results. 

For this reason the Bureau, which is 
responsible to the CSA for the certifica- 
tion of fabricators qualified to this 
Standard, has this vear added to its 
course in’ Welding Fundamental Prin- 
Practices 


technical 


ciples and a comprehensive 


Over 200 PROVE 
Quality 


irements 
exact Requ! 


lesson which might be designated by 
any of the terms 
ship or leadership. 


supervision, foreman- 


The lesson is also offered separately 
from the course itself as are two others 
one on Blueprint Reading and another, 
consisting of some 65 pages, on current 
Welding Codes, Standards and Specifica- 
tions. 

As developed some few years ago, the 
Bureau's original course involved 14 
lessons and approximately 450) pages. 
As offered this vear, it will have 1S ex- 
panded with appendices 
approach nearly L000) pages. 


lessons and 
Lessons 
with exercises go out at intervals of 
three to four weeks Each exercise is 


Aronson TraclTred «1 M Reg j 5 for thin walled heavy 
cylindrical work to 27 tons ca Zero to 100 IPM 
turning speed and Built-in Groundir 


Heavy Duty Precision Built Rubber and Steel Tired 
Turning and Pipe Rolls, 100% overload protected 
Capacities to 600 Tons 


Heavy Duty Gear Driven 
Positioners, with Magne 
tic Braking, Mercury 
Grounding, and Optional 


Speeds. Capacities 
350,000 Ibs 


Fully Automatic Gear Driven Posi 
toners. featuring Geared Elevation 
135° Tilting and Variable or 
Constant Speed Rotation 
Capacities to 350,000 Ibs 


Aronson Universe 


TM Reg 


uses in weldin set-u work 
effectively 


Write for bulletin 


nstantly for downhand 


welding. Capacities to 2000 Ibs. 


to 


Heavy Duty Floor Turntables with 

precision speed control and Mag- 

netic Braking, used for welding, 

burning, X Capacities 

to 120,000 Ibs., various heights 
and speeds 


| Balance Positioners Rugged Head and Tail Stock for positioning 
bulky weidments between centers. Table 


nm your weldme 


Backup for Zero Deflection. Magnetic 
Braking. Capacities to 160.000 Ibs. 
Geared Elevation Optional 


Write for detailed engineering data 


lity POSITIONERS by 


MACHINE COMPANY 


ARCADE, NEW YORK 


For details, circle No. 15 on Reader information Card 


completed and returned to the Bureau 
for marking on a due date, and final 
supervised examinations are held an- 
nually in more than 20 centers across 
the Dominion. Official diplomas are 
granted by the Bureau. 


Linde Builds Oxygen Plant 


A new oxygen-producing plant begins 
operation at United States Steel Corp.'s 
Works. Built, maintained and 
operated by Linde Co., 
Union Carbide Corp.. the unit will pro- 


Gary 
Division of 


duce 94,000,000 cu ft a month of high 
purity oxvgen for Garv Works and Gary 
Sheet and Tin Mill demands. The 
oxvgen will be used for cutting, scarfing, 
scrap preparation and for 
important metallurgical processes 


Lincoln Cites Young Farmers 


A total of 106 voung farmers from 22 


different states shared national honors 
this vear in the annual are welding 
award competition sponsored by The 
James F. Lincoln Are Welding Founda- 
tion of Cleveland, Ohio. 
Gerald Riddle of Mead 
ceived the first award of S600) for 
entry describing a hay conveyor. Cur- 
tis Gardner of Miltonvale, Kan., re- 
ceived the $400 second award for a 


Steve ( ooper 


Wash re- 


his 


welded drill press entry. 
of Eugene, Ore., and George Ortman of 
Yakima, Wash., each received a $200 
third award. They 
projects ranging from a trailer to a camp 


The shop teachers of each of 


ct scribed SCVE ral 


stove. 
these students were honored by 
sentation of equal amounts of mone, 
their schools to be used to HMprove the 


shop 


Gregory Industries Report 
Income 


Gregory Industries, Inc., has reported 
net earnings for the three months ended 
July 31, 1958, of $62,760, including net 
income of its recently acquired Chicago 
subsidiary, Polis Manufacturing Co. 
This is equivalent to 20 cents per share 
on 312,016 shares presently outstanding 
and compares with earnings of $83,193 
during the same period last year, or 27 
cents per share based on an equivalent 
number of shares. 
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Airco Erects Plant in Denver 


Air Reduction Sales Co., a diy ision ol 
Air Reduction Co., Inc. 
that construction of a new oxygen and 


has announced 


nitrogen plant at Denver, Colo., is 
It is anticipated that the 
plant will be completed and in operation 
by Jan. 1, 1959 

Although for the past two vears Au 
feduction has maintained supply 


underway. 


store for welding and cutting equipment 
at Denver, from which both argon and 
helium Vases have been mac available, 
this will be the first time that the com- 
pany has had a major gas-producing in- 
stallation of its own in the general area 
William ©. Brown is in charge of all 
Airco operations at Denver. 


OHIO STATE STUDENT 
RECEIVES SCHOLARSHIP 


Dean Harold A. Boltz (left) of Ohio 
State presents $250 scholarship to 
Harry J. Heckler of Columbus, a 
senior in welding engineering. Mr. 
Heckler is a past chairman of Ohio 
State’s AWS Chapter. At right is 
Prof. Roy B. McCauley, chairman of 
the Welding Engineering Department 


— 


HANDY & HARMAN 
COMPLETES NEW PLANT 


The new plant of Handy & Harman at 
El Monte, Calif., said to be the largest 
precious metals plant west of Chicago, 
is equipped with modern furnace and 
fabricating facilities for processing 
silver, gold, the platinum group metals 
and their alloys. The plant occupies 
25,200 sq ft 


Eutectic Opens Center in 
Columbus 


A new warehouse-service center to 
serve Columbus area industry has been 
established by the Eutectic Welding 
Alloy s-Ohio Valley Division, Inc 

The opening of the new facility at 206 
W. Mound St.. Columbus 15, Ohio, was 
announced by Rene D. Wasserman WS, 
president of Eutectic Welding Alloys 
Corp., Flushing, N.Y. V. J. Ridgway 


WwW ill serve us manager. 


LIQUID CARBONIC DEDICATES TWO BAY AREA 


INDUSTRIAL PLANTS 


A new industrial plant for the manufacture of liquid oxygen, nitrogen and argon 
was dedicated recently by Frank L. Pace, Jr., president of General Dynamics 
Corp., and Rex L. Nicholson, senior vice-president in charge of the Liquid Carbonic 


Division, at the plant's site (shown above) in Oakland, Calif. 


The same afternoon 


provided a reception at Liquid Carbonic’s new electrolytic hydrogen plant in 
San Carlos, Calif. The new installations represent a capital investment of 4 


million dollars 
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GRADE B-171 


POWDER 


JOHNSTOWN, PA. 
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PLAST-IRON 

MILD STEEL, LOW 

\ 


Mississippi River Chemical Com- 
pany’s all-aluminum welded tank is 
doing the job expected when it was 
built three years ago—providing 
trouble-free chemical storage with a 
minimum of maintenance. 

The world’s largest welded alumi- 
num tank, it stretches 128 feet in 
width and rises 26 feet in height. Af- 
ter more than three years of constant 
exposure to 2'; million gallons of 
highly corrosive ammonium nitrate, 
its Alcoa* Aluminum plates and 
weldments remain virtually unaf- 


fected, ready for longer service. 

The giant tank was field erected by 
the Chicago Bridge and Iron Com- 
pany. Welds were made with Alcoa 
welding alloy 5052 by the inert-gas, 
metal arc-welding process. The bot- 
tom plates are 1°. inches thick and 
courses taper to 3% inch at the top. 

Alcoa, besides supplying the alu- 
minum for this gigantic undertaking, 
rendered valuable help and guidance 
before and during construction. You 
can get the same help in welding, 
brazing or soldering aluminum by 
For details, circle No. 17 on Reader Information Card 


CHEMICAL 


calling one of the Alcoa Distributors 
listed here. For FREE informative 
books and for free loan of films on 
joining aluminum, write: Aluminum 
Company of America, 1741-L. Alcoa 
Building, Pittsburgh 19. Pa. 


ALCOA § 


ALCOA THEATRE 


2 ALUAAINUM Fine Entertainment 
j 


Alternate Monday Evenings 
Your Guide to the Best in Aluminum Value 
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Want technical help in welding, brazing or sol- 


dering aluminum? Contact your Alcoa sales 
ofhee, listed under “Aluminum” in the Yellow 
Pages of vour phone book 

For immediate delivery of Ale a welding 


products, call your Alcoa outlet listed below. He 


carries a 


ALABAMA 


Birmingham 
Hinkle Supply Co. 


CALIFORNIA 

Los Angeles 
Ducommun Metals 
& Supply Co 
Pacific Metals 
Company, Ltd 

San Francisco 
Pacific Metals 
Company, Ltd 


COLORADO 
Denver 
Metal Goods Corp 


CONNECTICUT 
Milford 

Edgcomb Steel of 

New England, inc 
Windsor 

Whitehead Metal 


Products Co., Inc. 
FLORIDA 
Jacksonville 

The J. M. Tull Metal 

& Supply Co., Inc 
Miami 

The J. M. Tull Metal 

& Supply Co., Inc 
Tampa 

The J. M. Tull Metal 


& Supply Co., Inc 


GEORGIA 
Atlanta 
The J. M. Tull Metal 


& Supply Co., Inc 
Southern Oxygen Co 


ILLINOIS 
Chicago 
Mact 
Corp 
Steel Sa 


nery & Welder 
es Corp 


KANSAS 

Wichita 
Meta! Goods Corp 

KENTUCKY 


Louisville 


Williams andCo., Inc 


LOUISIANA 
New Orleans 

Meta! Goods Corp. 
MARYLAND 
Baltimore 


Southern Oxygen Co 


Whitehead Metal 
Products Co., Inc 


Bladensburg 


Southern Oxygen Co 


MASSACHUSETTS 

Cambridge 
Wh.tchead Metal 
Products Co., Inc. 


MICHIGAN 


Detroit 
Stee! Sales Corp. 


MISSOURI 
Kansas City 
Meta! Goods Corp 


St. Louis 
Metal Goods Corp 
Stee! Sales Corp. 


NEW HAMPSHIRE 


Nashua 
Edgcomb Steel of 
New England, Inc. 


NEW JERSEY 

Harrison 
Whitehead Metal 
Products Co., Inc 


NEW YORK 


Buffalo 
Whitehead Metal 
Products Co., Inc. 
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complete range of alloys and sizes 


New York 
Whitehead Metal 
Products Co., Inc 

Syracuse 
Brace-Mueller 
Huntley, Inc 
Whitehead Metal 
Products Co., Inc 


NORTH CAROLINA 
Greensboro 


Southern Oxygen Co 


OHIO 
Cincinnati 
Williams andCo., Inc 
Cleveland 
Nottingham Steel & 
Aluminum Div 
Williams andCo 
Columbus 
Williams andCo 
Toledo 
Williams andCo 


Inc 
Inc 


Inc 


OKLAHOMA 
Tulsa 


Meta! Goods Corp 


OREGON 
Portland 
Pacific Metal Co 
J. E. Haseltine & Co 


PENNSYLVANIA 
Philadelphia 
Edgcomb Steel Co 
Southern Oxygen Co 
Whitehead Metal 
Products Co., Inc 
Pittsburgh 
Williams andCo 
York 
Southern Oxygen Co 


Inc 


TENNESSEE 
Kingsport 
Southern Oxygen Co 


TEXAS 
Beaumont 
Big Three 
Welding Equip. Co. 


Corpus Christi 

Big Three 

Welding Equip. Co. 
Dallas 

Meta! Goods Corp. 

Texas Welding 

Supply Co 
Houston 

Metal Goods Corp. 

Big Three 

Welding Equip. Co 
San Antonio 

Big Three 

Welding Equip. Co. 


UTAH 

Salt Lake City 
Pacific Metals 
Company, Ltd. 


VIRGINIA 
Norfolk 

Southern Oxygen Co 
Richmond 

Southern Oxygen Co 


WASHINGTON 
Seattle 

Pacific Metal Co 

J. E. Haseltine & Co 


Spokane 
J. E. Haseltine & Co 


WISCONSIN 
Milwaukee 
Machinery & Welder 
Corp 
Stee! Sales Corp. 


For details, circle No. 17 on Reader Information Card 


NEARLY FOUR TONS OF WELDING WIRE 
CONSUMED IN GRANDSTAND 


This new grandstand at Long Island's Aqueduct race track was fabricated from 
8800 tons of basic and other structural steels and included 7860 Ib of welding 
wire. Expected to be completed by the summer of 1959, erection is being per- 
formed by U. S. Steel’s American Bridge Division 


PENNSYLVANIA DISTRIBUTOR HOLDS THREE-DAY CLINIC 


This three-day exhibit, known as the “Delaware Valley Welding Clinic,’ was 
organized by E. R. Joseph Co., Inc., Norristown, Pa., to give the welding public 
in the area an opportunity to see actual techniques and live demonstrations of 
equipment. The success of the event was such that the firm's owner, E. R. Joseph, 
expects to hold a one-day welding clinic for farmers in the near future 


ALCO OPENS NEW PLANT 


A welding engineer watches as an 


automatic machine welds stainless- 


steel segments of a nuclear fuel ele- 
This development project is one 
of several now underway in the weld- 
ing laboratory at ALCO Products, 
Inc.'s General Engineering Laboratories 


ment. 


center at Schenectady. The center 


was formally opened along with a new 
locomotive-production center on May 
15th 
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ALL-WELDED BUILDING 
IN DENVER 


Denver's new State Services Building is 
the city’s first all-welded, multistory 
building. Originally designed for erec- 
tion with high-strength bolts, Burk- 
hardt Steel Company, the steel fabri- 
cator and erector, received permission 
to redesign for welding, thereby reduc- 
ing material and shop labor costs, and 
completed the erection 12 days ahead 
of schedule. All wind connections 
were completely welded in the down- 
hand position using iron-powder elec- 
trodes. (Courtesy Lincoln Electr’c Co.) 


AIRCO DEDICATES NEW ENGLAND PLANT 


- 


John A. Hill, president, Air Reduction Co., Inc., is congratulated on the opening of 
the company’s new plant at South Acton, Mass., by Martin S. Meigs, chairman, 
Acton Board of Selectmen. The new plant, which is the first of its kind to be built 
in New England, will produce daily 75 tons of liquid oxygen, nitrogen and argon. 
Shown, from left to right: A. C. Brown, Jr., vice-president, Eastern Region, Air 
Reduction Sales Co.; Charles D. MacPherson, Acton Board of Selectmen; Mr. Hill; 
Mr. Meigs; and J. H. Humberstone, president, Air Reduction Sales Co. 


has been FIRST with every impor- 
tant advancement made in 


ELECTRODE 
HOLDERS 


@ Brilliant Red Tips and Trigger—Bright 
Yellow Handle —all Glass Fibre, an 
outstanding safety feature! 


LENCO. inc. 


Box 189, Jackson, Mo. 


For details, circle No. 18 on Reader information Card 
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WORTHINGTON ADOPTS 
NEW TRADEMARK 


ORTHINGTON] 


AUTOMATIC WELDING OF 
GRATING 


To reflect its past growth and future 
potential Worthington Corp., Harrison, 
N. J., has replaced its old trademark 
(above) with its new one (below), 
determined after two years of market 
study. Worthington officials state that 
the new trademark is symbolic of the 
company’s progressive thinking and 
flexibility 


Powered by four resistance-welding 
transformers totaling 1200 kva, this 
unit at the Chicago plant of the Klemp 
Metal Grating Corp. will produce 
3500 sq ft of grating during a typical 
8-hr shift 
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INTERNATIONAL 


WELDING NEWS 


by Gerard E. Claussen 


Danish Welding Society Increases 
Membership 


During 1957 the membership! of 
the Danish Welding Socict 
by about 50%, 
in’ Mareh 195s. Part of the 
due to growth of the 
Welding Society 


Increases 
reaching a total of 770 
Jutland 
part to an 


WHs 


and 


crease student) membership from 
the Copenhagen Technics and the 
Denmark Pechnical College Phe 


societ continues to publish its meeting 
reports and technical papers as 
supplement of the Danish Engineering 
Journa The four Scandinavian coun 
tries are considering a code for welded 
pressure vessels proposed by a joint 
committee 1957. This simplified 
code is based on specifications in fore 
in each of the four countries Thi 


next S« welding meeti 


indinavian 
isscheduled for Copenhagen in 1960 
Norwegian Welding Society 
Reports on 1957 


The Norwegian Welding Society's 


report for 1957 shows total in- 
dividual membership of 726 (an increase 
of over 1956 ind 52> company 
memberships. The chairman is Georg 
Vedeler. Nine technical meetings were 
held by the main Society, and four to 


three local districts 
Norwegian 


10S 


each of the 
six Issues of the 


SIX ut 


There were 


welding magazine, totaling 


pages 


during the vear. A recommendation 
for a code for qualifying welders is 
expected to be made in the summer ol 
LO5S The Welding Handbook, begun 
in 1955, is nearing completion Dues 
for individual members were raised 
20°; during the vear 
French Papers on Ultrasonic 
Testing 

Two French papers deal with TTW 


} 


blocks 


The 


work and with reference 


resulted in 


work’ is progress and 
a method for distinguishing 
between blowholes and lack of 
tration. In the work on 
blocks’ seven laboratories compared it 
British and a Dutch block using several 


tests. The Duteh block 


pene- 
reference 


ultrasonic 


with the 
Newark 


Dr. Gerald E. Claussen is associated 
Development Laboratories, Linde Co 
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after a thor- 
trigonometry 


was found to be superior 
ough investigation of the 


of emitter, receiver and defect. 


Pressure Piping and Vessels 
Studied in France 


which current cannot be increased under 
steady conditions. If a higher current 
is maintained through the constriction, 
a continuing rise in temperature results, 
terminated by melting. Thermal con- 
restricted at the 
constriction, where the 


duction is most pe- 


riphe rv of the 


A series of three papers on welded maximum rate of heat production 
high-pressure piping and vessels was occurs. This result of the theoretical 
published in the French welding maga- analysis explained the observation that 
zine. The paper by Perrier? describes n a single-eycle spot weld !/,-in. 
the hydraulic piping at the power nild steel using 50-cycle power, melting 
station under a head of nearly 4000 ft occurs at the periphery of the spot 
Thieknesses from . to | In. are before the temperature of the center has 
involved. The two steels are: risen appreciabl 

Vir Vin Chemical composition, % 

eld fensile 

engll ( S, 

psi ma Vi \ ( Cu mar 
DFOVIS 97,000) 120,000 021 0.30 O.70 1.30 1.30) 0.17 0 025 
CONFOR 48,000 77,000) 0.22) 0.25) 0.90 0.40 0.50 0.04 


Part of the welding was performed with 
low-hydrogen electrodes and part wit! 
wires. The 


submerged are welding 


paper Pheodore® describes — the 
production of high-pressure boiler drums 
with 
destructive 
plates The 

of welding both utilize the 


emphasis on hnon- 
testing 
methods 
submerged- 


and the 


party ular 
ethods ol 
two pl incipal 


are process, one with bare wirt 


other with coated wire Preheating 
to 392-536° F and. stress-relief heat 
treatment are essential. Roux’ de- 


scribes the welding of a carbon-dioxide- 
cooled nuclear-reactor shell operating at 
F. The steel 0.25 


(0.90-1.30% 0.40 


contained 


Mn and 


max% C, 


0.600% Mo in thicknesses up to 4 In. 
and was welded automatically with CO 
at 500 amp followed by stress relief 
at 1020-1110° 


Theory of Spot Welding 
Subject of British Engineers 


An analysis was made by Greenwood 
and Williamson’ of the flow of current 
through For materials 
whose thermal conductivity decreases 
with electric 
resistivity rises more than linearly with 
temperature, such as mild steel, there is 
an upper limiting temperature beyond 


constrictions. 


temperature or whose 


Soviet Advances 

Production of Welding Equipment in Russia 
In February 195S an All-Union Con- 
ference’ was held in Leningrad on plans 
for the electrie welding equipment in- 
dustry for 1959-65. The present dis- 
tribution of production of equipment is 


given in Table 1. The output of are- 


Table 1—Percentage of Total Output 


By By 

volume value 

Welding transformers 55.4 19.2 
Rotating generators for are 

welding 27.6 36.2 
Automatic and semiauto- 
matic equipment tor are 

welding 10 6.5 

Spot welders up to 50 kva 5.3 3.1 

Spot welders over 50 kva 6.9 22:6 

Specialized equipment 0.8 12.4 


welding equipment is 62% of the total 
annual value of electric welding equip- 
ment output, compared with 50% in the 
USA. The percentage distribution of 
the total planned annual volume of 
output of are-welding equipment is 
givenin Table 2. Corresponding figures 
for resistance-welding equipment are 


> 


given in Table 3. 
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Brittle Fracture, Electrodes and gas: (6) a semiconductor (TiO.) used must not raise the hardness or tensile 


Stud Welding, Subjects of Soviet in a ferrule for stud welding’ to aid strength of the steel more than 25 to 

Research are striking and promote are stability; 30% above the specified value, which 

and (¢) an electromagnetic concentricity was about 130,000 psi, the authors 

Discussing brittle fracture in- mild gage' fitted to the extrusion die of a determined the maximum allowable 

steel, Kasatkin"” presented radiographic welding electrode press to measure cooling rates for the two steels in 
evidence of minute internal cracks in concentricity of the coating. question: 


twinned ferrite grains preceding com- 
plete fracture. He divided brittle frac- 


ture into two stages: a preliminary C*,% Si, % Mn, % Cr, % Mo, % Ww, % V,&% 
stage in which subsurface microcracks EN415 0.16-0.24 0.40 max 0.25-0.60 2.4-3.3 0.35-0.55 0. 30-0 50 0 600.85 
occur in the ferrite, followed by the 3OXM -0.25-0.33 0.17-0.37 0.40-070) O.8-1.1 015-0 25 

second stage, which is the brittle frac- Electrode 0.11 0.18 1.00 0.98 0.65 


ture itself. 
Other articles in the June issue of the 


Russian welding magazine discuss (a) Russians Solve The maximum cooling rate was 45° | 
the avoidance of microporosity in weld Turbine Welding Problem per sec for EN415 and only 14° F pet 
metal by freeing the coating'? of alumi- sec for 30XM. Nomograms were drawti 
nume-silicon alloy electrodes from cryo- The procedure for welding necks on relating heat input, current, voltag: 
lite, yet containing some aluminum rotors for turbines was worked out by bead cross section and travel speed 
fluoride—the sodium in the eryolite two Russian authors.'' Starting with from which the following procedure was 
transfers to the weld and gives rise to the “ussumption that the procedure evolved: ’ yw-in. electrodes, 212 | 


preheat, 200 amp, 25 v, 3.9 ipm travel 
speed and 0.07-sq in. bead area. Wit! 
these conditions a joint in stecl | 
Table 2—Percentage of Total Volume of Production of Arc-Welding Equipment in. thick was completed in IL passes 

in Russia The postheat treatment was at 1220 
1260° F. 


Tne rease of 


1965 over 195? 


Re fe rences 


195) 1965 
1 D Teknisk Tidssl 82 
Welding transformers 3] 24 200) 1058 
Rectifiers dS 5 52 310 2 Sreiseteknikk, 13, 29-32 (1958 
Automatic and semiautomatic equipment 5 15 3. Bastien, P., Soudage et techy 
’ 12, 187-188 (1958 


Special equipment 


(jreenwood 


A.. and Williamson, J 
Table 3—Percentage of Total Volume of Production of Resistance- Welding 


Equipment Ibid. 1-12 
Savarachnoe Proizeodatvo, Ne 
June 1958 


10. Kasatkin, B. S., Jhid., 24-28 


Increase of 
1965 over 1957, 


11 Shorshorov, M. Kt and Matkhar \ 
195) 1965 N., Ibid., 18-23. 
Machines up to 50 kva 8.2 6 150 12. Alov, A. A., and Nikitin, V. M., J} 
Mane hine:s over 50 kva 4 13. Vainboim. D. 1., Ibid. 36-41 
Specialized equipment 32.4 4 780 


14 Korovkin, V. I., and Vikentys ¥. 


Conveyor oven designed to bake special flux coat 


ings on various diameter and length welding rods for 


large midwest manufacturer. Recent changes in rod 


alloy have caused additional higher than previous 


oven temperatures to be required. Unit embodies 


two independently operated gas fired ovens for 


operation to 1000°F. Ovens have two passes eac! 


and a fifth pass for cooling before packaging. ( 


plete ovens, including humidity, temperature and 


safety controls are engineered at 


STEINER-IVES COMPANY 


Springfield Road . . . . Union, N. J. 
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Get this 

New Edition 
of Kodak’s famous “s 
handbook... 
RADIOGRAPHY 
IN MODERN 
INDUSTRY 


An authoritative, up-to-the-minute text 
which explains the fundamentals of 


| 
| 
| 


. . 
| x-rays and gamma rays, and their use in 
| for industry. 
Everyone interested in industrial radiography 
should have the latest edition of this famous 
handbook. It contains all the information 


EASTMAN KODAK COMPANY :- 


RADIOGRAPHY IN MODERN INDUSTRY 


size 82 x 11 inches 

hard cover, case-bound 
140 pages of information 
15 chapters 

101 text illustrations 

19 tables 

appendix 

bibliography 

cross index 

Price, $5.00 


a K 


TRADEMARK 


found in the previous text, plus up-to-the- 
minute additions. It tells about new technics, 
new sources of radiation, and new fast films; 


explains proper methods of using them. 


No one engaged in radiography should be 
without this latest edition of Radiography in 
Modern Industry. Get it from your Kodak x-ray 


dealer, or send coupon below. 


X-ray Division + Rochester 4, N. Y. 


EASTMAN KODAK COMPANY 

X-ray Division, Rochester 4, N. Y. 
Gentlemen: Enclosed is $5.00. Please send me 
“Radiography in Modern Industry.” 61-11 


Na me 


Address 


City 
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Stringham Appointed 
by Emerson Electric 


L. K. Stringham until re- 
cently vice-president in charge of en- 
gineering for The Lincoln Electrie Co. 
of Cleveland, has been elected vice- 
president, research and development, of 
the Emerson Electric Manufacturing 
Co. of St. Louis. 

Joining the engineering department of 
Lincoln Electric immediately after his 
graduation from Cornell in 1933, Mr. 
Stringham became successively director 
of welding development, chief engineer 
and vice-president in charge of engi- 
neering. He Was also a member of Lin- 
coln’s board of directors. 

Mr. Stringham holds many patents in 
are welding. He is a fellow of the 
American Institute of Electrical Engi- 
neers and a member of its Electric 
Welding Committee. 


Gehring Named Cayuga 
Sales Manager 


The appointment of Robert P. Geh- 
ring @W9 as sales manager of the Cavuga 
Machine & Fabricating Co., Inc. of 
Depew, N. Y., has been announced by 
Byrns bk. Long, president of the com- 
Mr. Gehring is a former chair- 
man of the Section of the 
AMERICAN WELDING Society and diree- 
tor of the Saginaw Valley section. He 


pany. 
Niagara 


Was vice-president of the Saginaw Weld- 
ing Supply Co before coming to Depew 
in his new position. 

Mr. Gehring was emploved as a sales- 
man by the Cavuga Co. from 1954 to 
1956 and prior to that time represented 


Robert P. Gehring 
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the Westinghouse Electric Corp. as 
welding sales engineer in the Western 
New York territory. He holds a degree 
of B.M.E. from the School of Engineer- 
ing at Syracuse University. 

Mr. Gehring will head the direct and 
dealer sales departments. 


Becker Joins Arcair 


Sevmour Becker has recently been 
appointed the Arcair Co.'s field repre- 
sentative for the New England states. 


Seymour Becker 


A native New Yorker, Mr. Becker has 
long been associated with the welding 
industry through experience, welding 


sales and as a welding instructor. 


Penner Promoted by 
Worthington 


Walter A. Penner has been appointed 
district office manager of the Worthing- 
ton Corp.’s Denver district office. 

A native of New York City, Mr. Pen- 
ner is a graduate of Stevens Institute 


Walter A. Penner 


ot Technology, Hoboken, where 
he obtained a degree in Mechanical En- 
1938S. Mr. Penner has 
served in various engineering and en- 


gineering in 


gineering sales capacitities at the cor- 
poration’s Washington, D. C., San Fran- 
cisco and Los Angeles district offices 


Barrett Named to Distributor 
Post 


Jared M. Barrett @9 has joined the 
sales staff of Burdett 
Norristown, Pa. He will represent the 
firm in the Philadelphia area 

Forme rly emploved by \orris 
Wheeler & Co., Ine., Mr. Barrett studied 
metallurgy and welding engineering at 
Temple University and Drexel Institute 
A Navy veteran he 


has over S vears experience in the weld- 


Oxygen 


of Technol 


ing industry. 


Kleint Joins 
Ultrasonic Testing 


North 


been itpe- 


R. Kleint, formerly of 
American Aviation, Ine., 
pointed vice-president and general man- 
ager of Ultrasonic Testing and Research 
Laboratory, Van Nuys, Calif 


SERVICE 
BULLETIN. 


Services Available 


\-T10 


engineer. Ten vears’ perience 


Manufacturing and Develop 
ment 
Specialist in development and manufac- 
ture of brazing, soldering nna welding 
Thoroughly 
with extrusion, rolling and other metal 
working leetroni ind 
tadar experience 


fluxes and allovs familiar 


techniques 


\-7 11 Wide ex- 


perience in all types of alloy pipe and vessel 


Graduate 
fabrication and erection Eemploved as 


project) engimeer, superintende nt chiet 
field engineer, piping engineer, expediter, 
inspector and estimator by major con- 
refineries, gas 


Familiar 


struction 
plants and 
with codes and welding procedures. —In- 


eompanies on 


chemical plants 


terested in same type of employment in 
Southwest location. 
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—Weldinag_I 


Plant, Research Laboratory and World Headquarters 
HISTORY OF “EUTECTIC LOW TEMPERATURE WELDING ALLOYS”® 


Surface alloying at low heat was first discovered by 
“Eutectic” in 1904 — used today in over 100,000 
plants. “Eutectic” is the originator and sole manu 
facturer of “Eutectic Low Temperature Welding 
Alloys” for bonding metals at low heat, minimizing 


distortion, warping and stress 


CAST ALUMINUM GEAR HOUSING 
REBUILT IN JUST TWO HOURS! 


A severe blow cracked this expensive 
aluminum gear case. The lengthy crack 
passed through the ribs of the case as 
well as the flange. Replacement with a 
new casting meant considerable 
expense, but the difficulties of welding 
aluminum satisfactorily seemed to rule 
out repair, until the local “Eutectic” 
Technical Representative was called in 
and recommended Eutectic’s EutecTrode 
2101 with “Frigid Arc”’ flux coating. 
EutecTrode 2101, makes joints which 
are up to three times the strength 
obtained with conventional aluminum 
welding electrodes. Ultimate tensile 
strength— 34,000 psi. Deposits are 
smooth, dense, non-porous and spatter- 
free. Arc is quick and easy to maintain. 
EutecTrode 2101 is non-fuming, has 
amazing arc stability with high corrosion 
resistance, good color match to 


aluminum. 


WAREHOUSE-SERVICE CENTERS IN ATLANTA, CHICAGO, ST. LOUIS, HURON, PHOENIX, DALLAS, BERKELEY, LOS ANGELES AND LEADING 
INDUSTRIAL AREAS © CANADIAN PLANT IN MONTREAL: EUTECTIC WELDING ALLOYS COMPANY OF CANADA, LTD. 


This particular electrode is widely 
used for the production and mainten- 
ance welding of home appliances, chem- 
ical, food processing and refrigeration 
equipment. It is also used for decorative 
and protective railings, tanks, structural 
members, pipe, foundry patterns, truck, 
automotive and bus structures. Other 
applications include repairing cracks, 
filling holes, building up missing sec- 
tions, cladding and reinforcing. 

To prepare the gear case for the filling 
operation the crack was chamfered 
through its entire length. There was no 
porosity, no holes throughout the fill 
and build-up. To finish the job a sander 
was used to smooth the surface. The 
completed gear case had the appearance 
of a new replacement part. 

Only two hours were needed to com- 
plete the repair of the cast aluminum 


gear housing, and return it to operation. 


For details, circle No. 21 on Reader Information Ca'd 


EUTECTRODE 680 AC-DC 


inaugurates new auger life 


This farm auger was so badly worn it 
required complete rebuilding. The condi- 
tion is common in farm tools used in 
abrasive soil. Because of widely varying 
soils, blades that give good service in 
one area can fail completely after a few 
acres in another. Today, maximum 
acreage service under all conditions is 
assured with regular use of EuteChrom 
overlays. 

Best results with hard surfacing are 
attainable in many cases by first using 
a padding layer of EutecTrode 680 AC- 
DC. The padding base offsets any possi- 
bility of cracking during the welding 
operation, and in service, absorbs much 
of the impact shock. Thus, long life is 
insured with this hard overlay. 

To repair this auger, a new steel strip 
was welded to the blade rim with 
patented EutecTrode 680 AC-DC. All 
wear surfaces were then overlayed with 
EutecTrode 12 AC-DC. This economical 
reconstruction gave the auger months 
more service life than even new equip- 
ment could provide. 


EutecTrode 680 AC-DC, available in 
5/32'' & 3/16" dia. Lt. Blue Tip. @ EutecTrode 2101, 
available in 1/8’, 5/32**, 3/16° & 1/4" dia 
Orange Tip. Standard weight shipments. 
FREE WELDING ADVISORY SERVICE 
AVAILABLE THROUGH YOUR LOCAL 


“EUTECTIC” TECHNICAL REPRESENTATIVE 


A staff of technical welding experts 
are ready to consult with you. Write 
for help on any welding problem. 


SEE OUR EXHIBIT AT THE 23RD 
NATIONAL EXPOSITION OF POWER 
& MECHANICAL ENGINEERING— 
COLISEUM, NEW YORK, 

DEC. 1-5, 1958, BOOTH 154 
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Positions Vacant 


Welding Engineer. Development and 
methods for welding, brazing and other 
similar methods of joining new and 
different’ materials to themselves and 
to each other. Development of tech- 
niques for fabrication of spectral and 
unusual materials. B.S. in Welding 
Engineering; Mechanical, Metallurgical 
Engineering, or Metallurgy with interest 
in welding and 1-5 years experience. 
Employee benefits, educational assistance, 
family relocation expenses. Homes and 
apartments in «a variety of settings 
Excellent school systems. Send résumé 
or letter of interest to: Central Employ- 
ment Office, Union Carbide Nuclear 
Company, Post Office Box P, Oak Ridge, 
Tenn 


V-360. District Sales Manager with 
real ability in sales and management 
Wide knowledge of coated electrode and 
automatic alloy welding required. Es- 
tablished, highly respected company offers 
excellent base and incentive pay, company 
ear, fringe benefits. 


V-361 Sales Engineer desired with a 
minimum of five years experience in the 
welding and cutting field, preferably 
in sales engineering. Work involves as- 
sistance to distributors of oxvgen cutting 
machines through the U. Location 


New \ or k. 


Really FIVE 
TOOLS in ONE 


Yes, actually a 
BOYCE Centering 
Head replaces 

The Protractor 
The Centerhead 4 
dv The Center Punch 

The Level 

dv The Scale 


Determines 

Center Line at 
any Degree and 
Measures 
Degree of 


Declivity 

DIAL 
Weighs 
only 9 ozs SET LEVEL 
Pocket size. 


Y type head accurately machined with tangents 
and tips for centering and aligning. Dial Set 
Level in graduations of 2’ and 10 degree 
markings. Punch of Drill Rod with hardened 
point—insuring long service. Send for complete 
description. 


CONTOUR MARKER CORP. 
1843 E. Compton BI., Compton, Cal. 


Also Mfgs. of Contour Markers, Radius 
Markers and Pipe Flange Aligners. 


BOYCE CENT G HEAD 


For details, circle No. 22 on Reader Information Card 
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Is there a better way of assessing adver- 


tising effectiveness than by measuring 
sales? When 49% of those Welding Jour- 
nal readers in our survey tell us they've 
actually purchased products as a result 
of reading ads in the Journal, we rest our 
case. What more can we say except that 
as a Journal advertiser, the odds are only 
2 to 1 that you'll find new customers for 


your products and services! 


Kat the request of a leading adver- 
tising agency, a survey was directed 
to a group of Welding Journa! read- 
ers specified by the agency. Here 
is one of the many interesting 
points that came to light. The 
actual surveys are available for 
inspection at any time 
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For copies of articles, write directly to publications in which they appear. 


lircraft-Engine Manufacture. Combine Brazing and 
Hardening in One Operation, R. kk. Wright and W. M. 
Hankes. Jron Age, vol. 182, no. 3 (July 17, 1958). pp. SO-S1 

fre Welding. Multiple Are Multiplies Welding Speed, 
ton. Mach.. vol. 102. no. 12 (June 16. 195S pp 1LOS— 109 

ire Welding. Successful Welding for Maintenance 
R. M. Kolb. Refiner, vo. 37, no. 5 May 1958S 
pp. 207-210. 

(re Welding. Why Weld Automatically? C. Fitch 
Brit. Welding Jnl., vol. 5, no. 7 (July 1958), pp. 308-310 

futomobile Manufacture. Lightweight Gun Speeds 
CO. Welding. Steel, vol. 142, no. 24 (June 16, 1958), p. TIS 

futomobile Manufacture. Welding Austin-Healey Car 
Socdies lutomobile Engr., vol. 48, no. 3 (March 195s), 
pp 104 

Beams and Girders. Welding Does Fast Job on Huge 
(sirders J. Angus Tron Age. vol. IS], no. 24 (June 12 
pp 4-95 

Brazing. Automated Brazing Furnace Western Machy. 
& Steel World, vol. 29. no. 6 (June 1958), p. 57. 

Brazing. How to Braze Stainless Steels, H. M. Webber: 
Indus Heating, vol. 25. no. 2 Feb LOSS pp 247-248 
250, 252, 254. 400, 402: no. 3 (March), pp. 508-504, 506 


SOS, 510 512 514: ho } April pp 710, 7414; no. 


May), pp. S95-S96, S9S, 900, 902, 904 
Brazing. ‘Vhese Filler Materials Stand Heat Design 


Eng... vol. 4, no. 6 (June 1958), 


p 65-66 


Bridges. Half-Through-Type Bridges wit! Prefabricated 


steel Floors. Ry. Ga vol. LOS, no. 10 (Mar. 7, 195S pp 
278-280. 
Bridges. Prefabricated Railway Bridges Engineer, vol. 


205, no. 5323 (Jan. 31, 1958), pp. 179-18] 
Aluminum Curtain-Wall “Clothes 
Welding Enar vol. 43. no. 6 (June 


Building Facings. 
Manhattan Building 
pp 52 53. 


Steel Mills Look to E3N12’s for Higl 
Welding Enar., vol. 43. no. 7 July 


Hard Surfacing. 
Strength in High Heat 
1958), pp. 32-33. 

Heat Exchangers. Brazing Makes Strong Assemblies out 
of Paper-Thin Parts, A. Gelb and G. Ek. Korb lin. Mach 
vol. 102. no. 12 (June 16, 1958) p. 105 

Heat Exchangers. Heat Exchangers tor Nuclear Power 
Welding & Metal Fabrication, vol. 36, no. 7 July 195S 
pp 234-238. 

Hydraulic Turbines. Welding and Stainless Maintain 
Water Turbines, L. McWilliams. 
no. 7 (July 1958), pp. 38-40. 


Welding Enagr., vol. 43, 


Induction Heating. Magnetic Field Hardens Surface 
skin, J. C. Lewis. Design Eng., vol. 4, no. 6 (June 1958), 
pp. 51-54. 

Jigs and Fixtures. These Devices Turn “‘Tilts” into 
Dollars. Steel, vol. 142, no. 21 (May 26, 1958), pp. 104-106. 

Light Metals. Magnesium Castings Can be Welded 
Without Distortion, H. Mansfield and L. Gesualdo. Product 
Eng., vol. 28, no. 10 (Sept. 16, 1957), pp. 94-95. 

Vetals Cleaning. Abrasive Cleaning Saves Us $40,000 
Year. Steel, vol. 143, no. 1 (July 7, 1958), pp. 66-67. 

Vine Cars. How Planning Cuts Welding Time. Jron 
Age, vol. 182, no. 2 (July 10, 1958), p. 107. 
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Vissiles. Welded Stainless Stee! Hollow Core, M. Watter, 
Vissiles & Rockets. vol. 3. no. 3 (March 1958), pp. 104 105, 
107-108, 110. 

Natural-Gas Pipe Lines. How to Cut Welding Costs, 
R \. Clemens Gas Age, vol. 121, no. 5 March 6, 1958S), 
pp. 10-42. 61-62. 

Nuclear Reactors. Solve Countless Problems to Build 
Giant Reactor Vesse Tron Age, vol. 182, no. 3 (July 17, 
1958). pp. S4-86. 

Oil-Well Drilling. Oii Drilling Platform Construction, 
J. Palmer. elding Xx 
(July 1958), pp. 240-248 


Fabrication, vol. 26, no. 7 


Oxygen-Cutting Machines. Numerically Controlled 
Flame Cutting. Automation Progress, vol. 3, no. 2 (Feb. 
}Q5S pp. 

Pipe Lines. Selection, Welding of CrMo Alloy Steel 
Pipe, J. sland Welding Engr., vol. 43, no. 7 (July 1958), 
pp. 34-36; no. S (Aug pp. 42-44, 46. 

Pipe Manufacture. Continuous Welded-Pipe-Making 
Equipment. Engineer, vol. 205, no. 5324 (Feb. 7, 1958), 
pp. 214-215. 

Rails. Alloy Electrode Cuts Cost of Rail-End Repairs. 
Ry. Track and Structures, vol. 54, no. 4 (April 1958), pp. 36-88. 

Rails. Engine Burns... What Railroads are Doing About 
Them. Ry. Track & Structures, vol. 54, no. 5 (May 195s), 
pp. 23 27 

Rails. Rail Welding and Methods of Laying in New 
Zealand. Ry. Gaz., vol. 108, no. 15 (April 11, 1958), pp. 421- 
$22 


Rails. Should Engine Burns Be Welded? Ry. Age, vol. 


Structures, vol. 54, no. 5 (May 1958 pp. 23-27. 

Refrigerators. Complex Lines Switch Easily to Different 
Models, V. C. Rice. Tron 1 ge vol. 182, no. 3 (July 17, 
1958), pp. 75-78. 

Resistance Welding. Resistance Welding Joins Swing to 
\utomation, R. H. Eshelman. Jron Age, vol. 181, no. 15 

Apr. 10, 1958), pp. 99-102. 

Resistance Welding Control. Yoroid Measures Spot 
Weld Current, P. M. Zimmerman. Electronics, vol. 30, no. 12 

Dec. 1, 1957), pp. 132-133. 

Rolling Mills. Hard Face Rollers for Low-Cost Service. 
Tron Age, vol. 181, no. 16 (Apr. 17, 1958), pp. 114-115. 

Seam Welding. Resistance Seam Welding Fits Into High- 
Speed Lines, C. E. Roth. Tron Age, vol. 181, no, 23 (June 5, 
1958), pp. 130-131. 

Shipbuilding. Brittle Fracture Strengths of Welded Steel 
Plates, A. A. Wells. Instn. Naval Architects Trans., vol. 98 
(1958), pp. 296-311; (discussion) 312-326. 

Shipbuilding. — Investigation Into Behaviour and Influ- 
ence of Welded Bracketed Connections in Aluminium Alloy 
Structural Members, B. P. Opie. Instn. Naval Architects 
Trans., vol. 99 (1957), pp. 204-219; (discussion) 219-225. 

Shipbuilding. Welding Gantry for Shipyards. Engineer, 
vol. 204, no. 5316 (Dec. 13, 1957), pp. 865-866. 

Ship Repair. Welding in Ship Repair, N. G. Hanson. 
Brit. Welding J., vol. 5, no. 6 (June 1958), pp. 258-260. 
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Shipyards. British Shipyards with New Ideas. Engi- 
neering, Vol. 185, no. 4785 (Jan. 31, 1958), pp. 140-141. 

Slide Rules. Slide Rule for Automatic Welding, A. J. 
Rosenberg. 
93. 

Soldering. Paste Solders Automate Assembly. Steed, 
vol. 142, no. 22 (June 2, 1958), pp. 68-69. 


Welding Engr., vol. 43, no. 4 (April 1958), pp. 91, 


Soldering. Ultrasonic [ron Solders Aluminum, T. J. 
Scarpa. Electronics, vol. 30, no. 10 (Oct. 1, 1957), pp. 168 

Solders. Soldering in Missile Age, A. B. Kaufman. 
Wissile Electronics. vol. 1, no. 5 (Suppl. to Missiles & Rockets), 
vol. 3, no. 3 (Mareh 1958), pp. 201-204, 206. 

Stainless Steel. Welding Corrosion-Resisting Steels of 
ISS Cr Ni Type and Heat-Resisting Steels. F. A. Ball. 
Sheet Metal Industries, vol. 35, no. 374 (June 1958). pp. 489 
$52: no 375 July - pp. 909 522. 

Steam Pipe Lines. Should Ultrasonic Inspection Be Used 
to Augment Radiography in Inspection of Weldments in 
High-Pressure Piping, R. L. Steele. .1S1/E—Paper No. 57- 
\-195 for meeting Dec. 1-6, 1957. 9 pp. 

Recommended Practice for Repair Weld- 
Steel Found- 
ers’ Soc. of America, Cleveland, Ohio, 1957, 52 pp. 

Steel Castings. Welding Low-alloy Steel Castings, N. A 
Chapin, C. H. Soldan, and L. W Foundry Trade J 
vol. 104, no. 2171 (May 22, 1958), pp. 597-600. 

Steel Pipe. New Welder Saves Firm $150,000 Yearly 
Steel, vol. 142, no. 23 (June 9, 1958), pp. SS-S9. 


Steel Castings. 
ing and Fabrication Welding of Steel Castings. 


. Songer. 


Steel Structures. New Electric Melting Shop at Brymbo 
Steel Works, W. H. Diamond and 8. J. Hinder. Welding & 
Vetal Fabrication, vol. 26, no. 4 | \pril 1958), pp. 120-125 


BECKER 


KEEN-ARC CARBONS 


Designed to carry the high currents necessary for intense heat, 
BBB Keen-Arc Carbons produce a fine-grained weld of high 
tensile strength. They give a smooth, steady “flowing” flame 
which does not wander and which is concentrated at the desired 
focal point. Flame temperature is easily and accurately ad- 
justed by merely changing the ampere input, and heavy copper 
coating permits gripping at extreme ends—eliminotes frequent 
and periodic resetting. 

A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
and graphite electrodes, carbon rods and plates, weldnig paste, etc: 

Write for catalog. 


BECKER BROTHERS CARBON CO. 


3450 South 52nd Ave. Cicero 50. Illinois 


For details, circle No. 23 on Reader Information Card 


Steel Weldability. Factors Affecting Weldability of 
High Strength | Per Cent Chromium-Molybdenum and Othe: 
Steels, F. J. Wilkinson and C.L.M. Cottrell. Welding & 
Metal Fabrication, vol. 26, no. 5 (May 1958), pp. 171-184 


Notes on Use of Resistance Strain Gauges 
Engineer, vol. 204, no. 5315 (Dee. 6, 1957 


Strain Gages. 
P. H. R. Lane. 
pp. S12-S15. 


Stresses. Test on Two-storey Single-bay Portal Struc- 
ture, J. F. Baker and T. M. Charlton. Brit. Welding J., vol 
5, no. 5 (May 1958), pp. 226-238. 


Stress Relief. Can Preheat Replace Stress Relief? 
H. Thomasson. Can. Metalworking, vol. 21, no. 5 (May 1958 
pp. 34, 36 

Stress Relief... Whys and Hows of Stress Relieving, G. 
scott. elding vol. 43. no. 4 ( April LQ5S) pp 750 


Tankers. Wine Tanker with “Stainless” 
Quality, P. Ferry. 
pp. 38-39. 


Reputation for 
Welding Engr., vol. 43, no. 4 (April 1958 


Temperature-Control Apparatus. “Vemperature Con- 
troller for Heat Treatment of Pipe Welds, D. Bircehon 
I elding & Metal Fabrication. vol. 26. no. 7 (July 1958) pp 
25S 


Testing. Assessment of Electronic Image-Intensifie 
for Weld Radiography, R. Halmshaw and C. Hunt 
& Metal Fabrication, vol. 26. no. 7 (July 1958) pp 249-255 


elding 


Testing. Cracking of Aluminium Bronze Welds, J. F 
Lancaster and D. Slater. Brit. Welding J., vol. 5, no. 5 (May 
pp. 238-244. 


Testing. Gamma-Radiography, L. Spiro. Welding & 
Vetal Fabrication, vol. 26, no. 5 (May 1958), pp. ISS-189 


Testing. Weld Fabricated and Repaired Steel Castings 
for Nuclear Service, 8. Low. Am. ee, Vech. Engrs.— Paper 
no. 57-F-37 (for meeting Sept. 23-25, 1957), 11 pp 


Testing. Gas Porosity and Sources of Hydrogen in Metal- 
Are Welding ol Light \llovs, W. Hull and 1) Adams 
Brit. Welding J., vol. 5, no. 6 (June 1958), pp. 282-290. 


Testing. Hydrogen in Mild-Steel Weld Deposits, N 
Christensen, K. Gjermundsen and R. Rose. — Brit. Welding 


J., vol. 5, no. 6 (June 1958), pp. 272-281. 


Testing. Non-Destructive Examination of Butt-Welded 
Joints by Ultrasonics, J. Etienne and G. Chanty. Shipbldr. 
& Mar. Engine-Bldr., vol. 65, no. 602 (Mid-Apr. 1958), pp. 
256-257. 

Testing. Radiographic Examination of Welds in) Mild 
Steel Plates by X- and Gamma-Ray Sources and Some Ob- 
servations on ALS. M.E., and D.I.N. Penetrameters 
Brit. Welding J., vol. 5, no. 5 (May 1958), pp. 244-247 


Resistance Welding of Platinum-10 Per 
Cent Rhodium Wire to Platinum Sheet. . .To Produce Well- 
Defined Thermocouple Junction, C. Moeller. Am. Soc. 
Vech, Engrs.—Paper no, 57-A-118 (for meeting Dec. 1-6, 
1957), 9 pp. 


Thermocouples. 


Titanium. Filler Wire Is Key to Better Titanium Welds 
J. H. Johnston and FE. F. Funk. 
June 1958), pp. 45-46, 4s. 


Welding Engr., vol. 43, no. 6 


Titanium. Fusion Welding of Titanium, C. A. Terry and 
I. A. Taylor. Welding & Metal Fabrication, vol. 26, no. 6 
June 1958), pp. 198-205. 


Tools, Jigs and Fixtures. Magnesium ‘Tooling Cuts 
Costs, K. F. Melde. Tool Engr., vol. 40, no. 6 (June 1958), 
pp. 105 105. 
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2,816,200 -Percussivet WELDER Con 
rroL Devices David | Blackmer 
Reading, Mass., assignor to Ravtheor 
Manufacturing ¢ o., Waltham, Mass 
corporation of Delaware 
Blackmer’s apparatus is on a control for 


t least 


use in welding apparatus having at 
one ible WOPK holder ind means 
for applving a welding current through 
the workpieces when they are in contact 
\ source of direct current is shunted b 

large « tpacitor ind connected toa movable 
workpiece through an inductances Other 
means under control of the movable worl 


prece holder start the discharge of the 


capacitor through thre workprece holders 


when the ire a predetermined distance 
ipart \ shield is provided for moving 
down about the workpieces to prevent 
contact with the workpieces and to con- 


tain sparks ejected from the weld, Means 
ire provided for controlling the weld cur- 
rent supply circuit to prevent welding 
when the shield is not in its protective 
position When the movable workpiece 
holder is moved to its retracted position 


means connected thereto disconnect it 


from the source of we lding current supply 


WELDING Toot! John Lorenz 
Mowry, Elyria, Ohio, assignor to Greg 
Detroit. Mich 


corporation of Michigan 


S16,210 
ory. Industries, Ine 


Phis patent is on a stud welding tool and 
includes a stud carrier mounted for recip- 
rocation in a carrier Means are provided 
for moving the stud earrier in one diree- 
tion, and a hollow armature encircles the 
earrier and is connected thereto to move it 
in the opposite direction from said means 
A solenoid coil is s Ipporte din the appara 
tus for overcoming the said means to cause 
the irmature to move the stud carrie 


when the solenoid is energized 


2,816,212 Weiping Appara 
rts Martin leischmann Canton, 
Ohio, assignor to the Timken Rolles 
aring Co Canton t corpora 
tion of Ohio 
The patented welding apparatus in 

cludes means for positioning the members 
to be welded and electrical conduetor 
means slidably located in the positioning 
means and connected to a source of elec- 
trical energy Other means are pre vided 
for moving the conductor means relative 
to the members to be welded for deform- 
ing at least one of the members into 
welded engagement with the other mem- 
bers 


2,816,355 Meruop or FORMING 4 SANb- 


WICH STRUCTURE with A CELLULAR 
Core— Hartley R. Herman, La Mesa, 


NOVEMBER 1958 


prepared by Vern L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of 


Calif., assignor to Rohr Aireraft ( orp 
Chula Vista, Calif.. a corporation of 
California 


This patent is on a method of forming a 
| 


plurality of thin flat metal sheets into a 


heneveomb structure and it comprises the 
steps of ipplving to the top tace of ¢ ich 
sheet a plurality of parallel the rmoplasti¢ 
resin strips having fine metal particles dis- 
persed therein The sheets are stacked so 
ggered and the stack 


ts is heated to a te mperature be low 


that the strips are stag 
of shee 
the melting point of the metal particles 
but high enough to cause the resin to set 
while sim iltaneously appiving pressure to 
the stack to cause the resin to connect t he 


ts together The outermost sheets ire 


shee 


separated to deform them nto multi- 


plicity of interconnected cells and all of 
the ceelis ire simultaneously heated to 
melt the metal of the particles ind braze 
the cells together while the cells are sin 
rounded with a gas free from oxygen 


2,816,356 Meruop or MaKkinc Tust 
R ivmond H Hobroc k, Troy Township 
Onkland County, Mich., 
Bundy Tubing Co., Detroit, Mich ‘ 
corporation of Michigan 


assignor to 


Hobrock patent is on process ol mak- 
ing a tube from metal strip stock wherein 
the strip is moved lengthwise and fash- 
ioned into a tube with the edges of the 
strip being in proximity to each other and 
with interfacing portions substantially at 
the lower portion of the longitudinal axis 
of the thus formed tube \ strip of bond- 
ing metal is fed into the tube interior as 
it is being formed and the tube is passed 
through a heating zone to melt the bond- 


ing metal The molten bonding metal 


gravitates to the lower portion ol the 
elongate form ind flows by capillarity be- 
tween the interfaces of the metal blank 
ind next the tube is cooled to solidify the 


bonding metal and unite the interfaces 


Merruop o 
FOR SIMULTANEOUSLY FLAME-CUTTING 
AND HARDENING OBJECTS 
Maxon, Jr Milwaukee Wis 


This patent is on a method of flame cut- 


2. S816,848 AND APPARATUS 


Glenway 


ting toothed objects such as gears from 
metal blanks The new 


method includes locally heating narrow 


harde nable 


zones of the blank across which the flame 
of the cutting torch is to pass in cutting 
the flanks of the teeth and immediately 
prior to flame cutting the flanks of the 
teeth, raising the temperature of the metal 
at such zones to a value less than the melt- 


ing point of the metal so that the pre- 
heated metal along the flanks of the teeth 
being cut by the flame attains its critical 
hardening temperature to a greater depth 


Patents, Washington, D. C. 


than the metal along the roots of the teeth 
ind outside of such zone. The flame- 

it flanks of the teeth are quenched ata 
zone remote from that at which the local- 


ized preheating is taking place 


Arc-WELDING 
Woodling, Rocky 


Device George \ 


River, Ohio 


The patented welding device is used for 


welding an end of a weldable element to 
1 welding bod The device includes a 
plunger slid mounted in the housing 


ind means for moving the plunger both 
towards a welding body and away from 

Means for pulling the 
plunger and a weldable element carried by 
the holder awa rom the welding body 
ire electrically powered and include a sub- 
stantially closed magnetic circuit) with 


pecihned members thereimn 


oF Mera ARTI- 
CLES Walter P. Dyke and J. Kenneth 
Trolan 
feseare} Corp New York, 
orporation of New York 


patent relates to a method 


\ieMinnville, Ore., assignors to 


N. Y.,. 2 


The present 
metallic objects, a portion of 


ol reating 


Which has «a surface radius of curvature in 
ge of trom about 10 to about 
10°? em. The method ineludes applying 
between the object and an electrode an 
electrical potential of at least about 1 kv 
for periods of not more than about 1074 


the ran 


sec duration so that an are discharge is 
initiated from such curved portion of the 


metal object 


2,817,003 -Wetpinc Guns—Jerrv A. Du- 

sek, Brunswick, Ohio 

Che patented welding gun includes a 
housing body with tubular elements ex- 
tending forwardly and rearwardly there- 
from in alignment An elongated toothed 
ratchet bar and an elongated rod-form 
e detachably connected end to 


electrode 


end in alignment and supported for longi- 
tudinal reciprocating movement within the 
tubular elements and body. Other special 
reciprocating move- 
ment of the electrode and its carrving 


means control the 
means 
ADJUSTABLE EYE SHIELD FOR 


WeLvER Stanley L. Rush 
Baton Rouge. La 


2.817.087 


This patent relates to a welder’s helmet 
with an eye shield thereon wherein the eve 
shield is movable from an operative to 
an inoperative position. A special latch 
member and other means are provided to 
frictionally secure a portion of the shield 
in inoperative position for convenient re- 
lease to operative position when desired. 
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ABSTRACTS OF CURI = * 


Tue AmeRICAN WELDING Society 


recently announced the availability of 


Section 2 of the Fourth Edition of the 
Wewtpinc HanpBpook—Gas, Are and Re- 
sistance Welding Processes. Section 1 
dealt with the fundamentals of welding 
and was published in September 1957. 

The Hanppook, long re- 
garded as the ‘Bible’ of the welding 
industry, has been divided into five 
sections, and one section will be pub- 
lished each year. When the five-volume 
edition has been completed, Section | 
will be revised again. 

Section 2 contains thirteen chapters, 
each with a comprehensive bibliography 
and each with its own table of contents. 
Processes of similar nature are grouped 
together and followed by a chapter de- 
scribing the various ty pes of equipment 
The follow- 
ing breakdown indicates the scope ol the 
second section of the WELDING HaANp- 
BOOK, 


Gas Welding 


This section covers fundamentals of 


and accessories available. 


process principles ol operation, buse- 
metal preparation, metallurgical effects, 
weld quality, welding rods, fluxes, com- 
mon applications, iron and steel, non- 
ferrous metals, surfacing, oxvhyvdrogen 


welding and other fuel gases 


Pressure Gas Welding 

Discussed herein are fundamentals, 
tables of 
properties of pressure welds and opera- 
ting data. 
rails and pipe line = 1s also described, 


pressure eveles, mechanical 


Pressure welding continuous 


Welding Handbook Section 2 Now Available 


Gas Welding and Brazing 
Equipment 

Gases and equipment 
together, rather than in separate chap- 
ters. Also included are manifolds, reg- 
ulators, torches, tips, flame 
automatic equipment, 
equipment and accessories. 


Shielded Metal-Arc Welding 

This section discusses principles of 
weld-metal electrical and 
metallurgical characteristics, Joint prep- 
aration, volume 
changes, defects, stresses and stress re- 
lieving. 
Bare Metal-Arc Welding, 
Impregnated Tape, Atomic- 
Hydrogen Welding 


Processes are deseribed but emi- 


are described 


Cones, 


pressure iis 


dep ition, 


design, materials, 


phasis is given to atomic-hyvdrogen weld- 
ing since the process is still favored 
where precise buildup and accurate con- 
trol are critical. 
Inert-Gas Metal-Arc Welding 

Part I deals with the nonconsumable 
process and Part II with the consum- 
able process. Are stabilization, elee- 
trieal characteristics, installation, gases, 
materials, manual, automatic and spot 
welding, metal transter effects and genh- 
eral recommendations are all covered in 
this comprehensive chapter. 
Submerged-Arc Welding 

The process is described in detail and 
the type of controls, 
welding techniques and manual and 


power SOLTCAS, 


automatic welding operations are dis- 


cussed. 


Arc Welding Equipment 

Equipment is grouped under thre: 
are welding machines, proc- 
The entire field 
of are welding equipment is covered in 
detail. 


headings: 


and ACCOSS( ries, 


Spot, Seam and Projection Welding 

The fundamentals of each process are 
covered, Electrical requirements, op- 
erating principles, heat balance and dis- 
sipation, forging pressure and surface 
preparation are discussed together wit! 
physical and metallurgical effects, qual- 
ity control and the like. 
Flash, Upset and Percussion 
Welding 

Each process is described in detail 
Common applications are discussed and 
recommendations are given. 
Resistance Welding Equipment 

The entire range of resistance welding 
Schematic draw- 


ings illustrate principles, and tables pro- 


equipment is covered. 
vide recommended welding schedules 
and important data. 

Each chapter has been written by 
acknow ledged experts in the field. The 
entire welding industry has cooperated 
and information has been made available 
which previously was reserved. strictly 
for company personnel, 

Copies may be obtained from the 
AMERICAN WELDING Soctpry, 33° W 
39th St., New York 18, N. Y., at a list 
price of $9.00 per volume. 


Welding Accessories and 
Safety Equipment 


Fibre Metal Products Co., Chester, 
Pa., has issued their 29-page Catalog No. 
26 which describes the manufacturer's 
line of welding accessories and safety 
equipment. This x 11-in. publiea- 
tion contains photographs and deserip- 


tions of such items as helmets, hand 
shields, electrode holders, safety hats, 
face shields, goggles, glass, chipping 
hammers and cable connectors. 

For vour free copy, circle No. 27 on 
Reader Information Card. 
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“Fusion Facts” 


The Summer 1958 edition of ‘Fusion 
Facts,” a 20-page, 9- x 6-in. booklet, 
published by the Stoody Co., Whittier, 
Calif., is now available for distribution. 
Contained in Vol. 17, No. 7 of this lit- 
erature are illustrated articles on such 
applications as the surfacing of cage 
crushers, of ditcher teeth, of mine ear 
wheels, of pellet mill rolls and of breaker 


plates. Another article describes a 
shopowner’s new design to facilitate 
automatic surfacing of rock crusher 
hammers. The booklet’s cover features 


a photograph of the recent: launching 


According to 
nuclear-powered 


of the U.S. 8. Shipjack. 
Stoody officials, the 
housed 
bearings made of Stoody 1 and 6 ma- 
terials. 

For your free copy, circle No. 28 on 
Reader Information Card. 


submarine centrifugally cast 


Vulcanizing Kit for 
Connecting Cables 

Cam-Lok Division, Empire Products, 
Inc., P. O. Box 98, Cincinnati 36, Ohio 
has issued 4-page Catalog No. 131-B 
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which deserthbes the firm’s port- 


able Vulennizing kit For 


neoprene-insulated heavy-duty cabl 
from sizes No 2 through No.4. 0. the se 


is reportedly indestructible and shock 
proot Metal connectors vuleanized to 
electrical cables in neoprene-insulating 


sleeves by the Cam-Lok kit are said to 


deliver full power with the option 


immediate disconnection if needed 


For vour free copy, circle No. 29 o1 


Reader Information Card 


LP-Gas Appliances 


new 6-page folder No. F-1165 
available from Linde Co Division « 
Union Carbide Corp., 30 I. 42nd st 
New York 17, N.Y. desertbes the addi- 
tion of a line of LP-Gas applances 
the selection of Prest-O-Lite soldering 
heating and brazing equipment. The 
new equipment includes open-flamy 
torch stems in six sizes and an enclos 
flame soldering-iron stem, all of whiel 
fit interchangeably on three stvles of 
torch handles designed to operate 


both ar-acetvlene and LP-Gas service 


An adtustable pressure regulator, mi 


ing furnace and double-duty Cair-ace 


— 
U 


le ne or LP-( Has 


plete the line. 


kor vour free copy eirel No 91 on 


Reader Information Card 


connecting 


mblies 
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NOW...GAMMA RADIOGRAPHY 
THROUGH ONE FOOT OF STEEL! 


Dominion Foundries and Steel 
Limited, Ontario, Canada, is 
currently using gamma _ radi- 
ography to inspect steel castings 
up to 12" thick. 

The machine doing the job is 
Nuclear Systems’ Model 1060 
Multitron, which has a capacity 
of 1,000 curies of Cobalt 60, and 
which gives results comparable 
to those of a 2,000,000 volt 
X-ray machine... at less than 
Y; of initial equipment cost. 

Provided with completely fail- 
safe automatic controls, the 
beam producing 1060 is easily 
and safely operated from a 


remote control panel. 


Call on Nuclear Systems for 


your radiography equipment 
needs. Offices in Philadelphia, 
Chicago, San Francisco and Los 
Angeles. Sales representatives in 
principal cities. Catalog and re- 


print upon request. 


Metalworking wi 


WRITE FOR FREE REPRINT WHICH 
TELLS THE STORY OF LARGEST 
COMMERCIAL RADIOGRAPHY 
MACHINE IN USE. 


For details, circle No. 30 on Reader Information Card 
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Resistance Welding 
of Small Parts 


Raytheon Manufacturing Co., Wal- 
tham 54, Mass., has made available Bul- 
letin 2-100, a 
catalog in color, which deseribes the full 


l6-page, standard-size 


line of welding heads, controls and power 
supplies, and welding accessories manu- 
tactured by the firm. Raytheon’s re- 
sistance-welding equipment is recom- 
mended principally tor high-speed pro- 
duction welding of such small parts as 
vacuum tubes, capacitors, appliances, 
aircraft parts, timing mechanisms and 
transistors. The booklet also contains a 
basic description of resistance welding as 
a process, a description of welding elec- 
trodes and a glossary of terms. 

For vour free copy, circle No. 32 on 
Reader Information Card. 


Electric-Welding Bulletin 


Articles appearing in the September 
“Linde Metalworking 
Bulletin” treat such applications as the 
use of inert-gas-shielded tungsten-ar 


issue of 


welding of jet engines; inert-gss- 


HIGHEST 
QUALITY 


DUST FREE 


DEPENDABLE 
SUPPLY 


Write for the name and address 


of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


shielded metal-are welding on aluminum- 
diesel-locomotive pistons and on. air- 
craft auxiliary fuel tanks; and sub- 
merged-are welding on clectric-furnace 
components. Published by Linde Co.., 
Division of Union Carbide Corp., 30 EF. 
42nd St., New York 17, N. Y.. Vol. 9. 
No. 5 is 12 pages in length, standard 
size, illustrated and in color 

For your free copy, circle No. 33 on 
Reader Information Card 


Induction-Heating Brochure 


Expanded applications of the Smith- 
Dolan System of low-frequency induc- 
tion heating are included in a new bro- 
chure published by Electric Are, Ine., 
152 Jelliff Ave., Newark, N. J. Smith- 
Dolan units are portable and are now 
available for automatically controlled, 
precision heat treating and preheating, 
with three different types of heating: 
low voltage-high current, high voltage- 
low current and resistance. 

The different models and their in- 
strumentation are deseribed and illus- 
trated in the brochure. 


For vour free copy, circle No. 34 on 


Reader Information Card 


A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
GENERAL OFFICES: 150 EAST 42ND STREET, NEW YORK 17, N. Y. 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 


For details, circle No. 37 on Reader Information Card 
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Automatic Welding 
in Small Shops 


Four cases are cited in a 4-page illus- 
trated reprint article entitled “Why 
Small Shops Use Automatic Welding.’ 
Available from C. B. Herrick Mfg 
Corp., 200 Center St., Cleveland 13 
Ohio, the story develops the following 
advantages for automatic welding in 
small shops from actual case histories 
(1) the economy for the manufacturer 
to subcontract; (2) the surfacing and 
rebuilding market; (3) the frequent hig! 
volume of weld metal required to com- 
plete the job; and (4) the realization ot 
quality welds through specialization 
and equipment, 

For vour free copy, circle No. 35 o1 
Reader Information Card. 


Tool-Steel Welding Wires 


Welding Equipment & Supply Co 
5225 bk. Davison, Detroit 12, Mich 
announces the availability of a two-page 
data sheet on “Eurekaweld 1000 
coated electrodes and “Eurekaweld 
1000-A”’ bare wire for the welding of the 
new, high-strength tool steels being used 
in the missile industry 

This data sheet gives information on 
welding and heat treatment of both ings 
and small structures. 

For vour free copy, circle No. 36 o1 
Reader Information Card 


REVIEWS 


OF NEW BOOKS 


Government Conference on 
Welding Engineering 


Conference on Welding Engineering 
Army Engineer Research and 
Development Laboratories, Volume PB 
131739, May 1957, 469 pages, $6.00 per 
copy. (Order from OTS, U. 3S. De- 
partment of Commerce, Washington 25 
D.C.) 

This volume contains 35. technica! 


U. S. 


presentations delivered at the Confer- 
ence on Welding Engineering, a joint 
government-industry meeting sponsored 
by the U. S. Army Engineer Researc] 
and Development Laboratories in 1957 
Included in the publication are pa- 
pers concerning welding for engineering 
fabrication, selection of welding pro- 
cesses, quality of workmanship, non- 
destructive-testing procedures, vibra- 
tion and its control through use of 
welded steel, the importance of welding 
in the physical exploration of the uni- 
verse and space, and other technical in- 
formation of interest to industry. 


THe WELDING JoURNAL 
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@ Hurricane-prone Southern Florida, as well as engineers throughout the 
country, are watching with interest the construction of Miami’s new 
First National Bank building. Originally a 4-story, reinforced concrete 
structure, it will be topped by a 20-story, masonry covered framework 
of welded steel—one of the first such all-welded buildings ever erected 
in Florida’s hurricane area. 

In the shop fabrication at their Knoxville plant, Allied Structural Steel 
Company finds welding fast and economical with Murex Speedex Elec- 
trodes. In the erection at Miami, the welding cuts construction time, 
decreases costs, fully satisfies engineering strength requirements. 

Speedex U was used for general fabrication, Speedex R for all vertical 
tack assembly and Speedex LH for flat assembly. The wide selection 
offered by the Murex line permitted choice of the electrode best suited 
for each job. 


For details, circle No 


. 24 on Reader Information Card 


li selected for 
Strength 

and speed 
in all-welded 


I Miami structure... 


The many types of Murex mild steel, low hydrogen, iron powder, hard 
surfacing, and stainless electrodes help to simplify all welding opera- 
tions. Write for your copy of the M&T Electrode Selector — valuable 
guide for choosing the correct electrode for any application. Metal & 
Thermit Corporation, Rahway, N. J. 
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Now...here’s something 


really NEW! 


First shown in U.S. 


at the 1958 American 
Welding Society Show by NCG... 
the completely new 


ELECTRONIC 
LINE TRACER 


Developed for attachment to NCG shape 
cutting machines, the new NCG Electronic 
Line Tracer controls the tracing head so it will 
automatically follow, with extreme accuracy, 

a pencil or ink line drawing of the part to be 
cut. Now, the tedious work of manual tracing 
is eliminated. In addition, the NCG 
Electronic Line Tracer eliminates the need 

for costly templets, and reduces the cost of 
pattern preparation at least 75% compared 

to other electronic systems which require 

more complex silhouette type patterns. 


For details, circle No. 31 on Reader Information Card 


NCG Electronic Line Tracer in operation 
accurately following a pencil drawing. 
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NCG Type R cutting machine with Electronic Line Tracer 


Principal advantages of the NGG* electronic tracing system are: 


1 The NCG Electronic Line Tracer will faith- 
fully follow a pencil or ink drawing at speeds up 
to 25” per minute and execute turns on a mini- 
mum radius of 3/32 of an inch. The optical sys- 
tem follows the exact center of any pencil or ink 
line on white paper. This line may be any width 
up to 0.040”. 

2 The NCG Electronic Line Tracer will cross 
lines... it will continue to follow the original 
line it is tracing even if that line crosses another 
providing the angle between such lines is not 
less than 45°. Now, drafting techniques can be 
developed which will cause the cutting torches 


to move without interruption from one cut 
shape to another. 


3 The NCG Electronic Line Tracer is not sen- 
sitive to or affected by ambient light . . . shape 
cutting may be accomplished anywhere regard- 
less of lighting conditions. 


4 It operates with ease... just a touch of the 
switch steers the tracing head to the drawing. 
The line tracer scanning system then automati- 
cally follows the line drawing. When the tracing 
unit reaches the end of the drawing it automati- 
cally stops. This eliminates plate spoilage. 


Available now, bulletin N-142 describing in detail this sensationally new 
NCG Electronic Line Tracer. Call your nearest NCG office or write today. 


NATIONAL CYLINDER GAS 


Division of Chemetron Corporation 
840 N. MICHIGAN AVE., CHICAGO 11, ILL. 


CHEMETRON 
= 


© 1958, CHEMETRON CORPORATION 


For details, circle No. 31 on Reader Information Card 
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Heavy-Duty Welder 


A new 600-amp d-c heavy-duty welder 
for are and stud welding is available 
with either a gasoline or diesel engine 
power source from Hobart Brothers Co., 
Troy, Ohio. 

The welder is rated at 600 amp, 40 v 
on 60° duty eyele. Welding current 
range is 70 to 800 amp and 1-kw auxil- 
lary power of 110-s de is available while 


welding. 


The gasoline engine-driven Model 
GM-618S-S is powered by a Chrysler 
IND-56A V-S engine with 354 cu in. 
piston displacement. 

The diesel engine-driven Model DM- 
6HIS-S is powered by a General Motors 
3055C diesel engine with 212.8 cu in. 
piston displacement 

A paralleling attachment is also avail- 
able to facilitate combining two units for 
1200-amp capacity stud welding, 
automatic welding and are air cutting. 

For more details, circle No. 39 on 
Reader Information Card. 


Air-Carbon-Arc Cutting Torch 


Areair Co., 431 S. Mt. Pleasant Ave.. 
Lancaster, Ohio, has introduced Model 
H-2 Areair torch for air-carbon-are 
cutting of metals. A replacement for 
the old Model G-2 torch, the newly 
designed torch contains a positive air 
control valve in the handle which per- 
mits operation down to 40 psi of com- 
pressed air, provided that the air orifice 
of the head is held within 4 in. of the 


_ 


work. The manufacturer recommends 
the use of this model in areas where 
intermittent applications are required, 
such as garages, job shops, farm shops 
and airplane manufacturers. 

For more details, cirele No. 40° on 
Reader Information Card. 


Welding and Cutting Outfit 


A new Purox W-200 “starter set” has 
been introduced by Linde Co., Division 
of Union Carbide Corp., 30 FE. 42nd St., 
New York 17, N. 


ome” 


The starter set includes a Purox W- 
200 torch with one welding head, a CW- 
200 cutting attachment and a cutting 
Prest-O-Lite 
Oxweld hose. goggles and friction light- 


nozzle, two regulators, 
er An enameled steel carrying case Is 
furnished with the outfit. 

The welding head furnished with this 
outfit welds up to ' in. thicknesses. 
There are other welding heads av ailable 
that increase this range to! .in. The 
Purox CW-200 with nozzle furnished 
cuts up to 2 in. 

For more details, cirele No. 41) on 
Reader Information Card. 


A-C, D-C Transformer-Rectifier 
Welder 


Miller Electric Mig. Co., Ine., Ap- 
pleton, Wis., has introduced the “Twin” 


welder, a small transformer-rectitic: 
unit which provides three welding cur- 
rent ranges from single-phase service 
Two a-c ranges are available, one from 
20 to 115 amp and another from 40 to 
150 amp. The new Miller welder is 
recommended for use in job shops, ga- 
rages, small industries and on farms. 

For more details, cirele No. 42> on 
Reader Information Card. 


Resistance-Welding Die 
Adapter 


A new design of the ““Nu-Twist” dir 
adapter made by P. R. Mallory & Co 
Inc., Indianapolis 6, Ind., is said to make 
two or more welds simultaneously on the 
same machine with welding pressures 
and current equalized on each weld. 


A closed hydraulic system, formed 
interconnecting the die adapters auto- 
matically maintains uniform forces on 
each welding tip. Action is instantane- 
ous, and automatically compensates for 
minor variations in tolerances which 
would tend to produce excessive force 
on high points and insufficient force at 
low points. 

For more details, circle No. 43° on 
Reader Information Card. 


Welding-Head Track 


Accurate production welding of foil 
steels and other metals as thin as 0.005 
in. is reportedly possible with the in- 
troduction by Airline Welding and En- 
Prairie Ave., Haw- 
thorne, Calif., of a series of precision side 
beam tracks for alignment, support and 
longitudinal traversing of welding heads 
and variable speed carriages above weld- 


gineering, 785 N. 


ing positioners. 


(Continued on page 1152) 
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Make Smooth Deposits—Fast with Mechanized Hard-Facing 


Ana save money, too! HAYNES Hard-Facing Machines are 
designed to put your hard-facing of wearing parts on a profitable 
production basis. 

Exceptionally smooth, uniform deposits cut subsequent 
machining time and lengthen tool life. Less alloy is used. There 
are fewer rejects because deposits conform more closely 
to specified requirements. Proper preheat, correct proportioning 
of the multiple welding flames, and a continuous supply of 
molten metal are maintained. 

These are a few of the reasons why it will pay you to look into 
HayNEs Hard-Facing Machines. Our field engineers can help 
you determine which of your hard-facing jobs are suitable 
for mechanization. For full information on HAYNEs Mechanized 
Hard-Facing Machines and on the wide range of HAYNES 

Hard facing on a mass scale Hard-Facing Alloys, write our general sales office in Kokomo, Ind. 
This HayNEs Hard-Facing Machine 
faces 1000 hammers a day—a typi- 


cal mass production story when 
mechanized methods are used 
aLLOows 
HAYNES STELLITE COMPANY CARBIDE 


Division of Union Carbide Corporation 
Kokomo, Indiana 


The terms “Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


For details, circle No. 49 on Reader Information Card 
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West-Ing-Arc” Dynamic Reactor greatly enlarges 
the fields of applications for welding and results 
in many “plus” benefits at a small investment to 
the user of any semiautomatic or fully automatic 
welding process equipment employing constant 
potential (voltage) power source. 

If you presently use West-Ing-Arc equipment, or 
contemplate its use—the addition of the Dynamic 
Reactor results in cost-cutting extras .. . in 
addition to the efficiencies already inherent in the 
West-Ing-Arc process. 

Order this versatile addition to your present 
equipment now! Or write for complete details on 
how this equipment can result in savings. Address: 
Dynamic Reactor, Welding Division, Westing- 
house Electric Corporation, 4454 Genesee Street, 
Buffalo 5, New York. J-22140 


you can BE SURE...1F Westi nghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS,"’ CBS TY MONDAYS 


For details, circle No. 67 on Reader Information Card 
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A “triple cost-cutting” EXTRA 
for welding mild steels, 
stainless and aluminum 


= 


FOR USE WITH AUTOMATIC AND SEMIAUTOMATIC GAS SHIELDED, DC 
WELDING EQUIPMENT UTILIZING CONSTANT POTENTIAL POWER SOURCES 
a 
- Overhead—vertical up—and down! 
. Stability of arc at reduced setting. ee 
Use at least one size larger diameter 9 


wire with no change in current setting, 
voltage or feed speed. Cost reductions 
from 1¢ to 17¢ per pound of deposited 
weld metal. 


REACTOR 


GREATER VERSATILITY! 

Light-gauge metals now may be arc 
welded. No slag removal problems; 
practically no “‘spatter” .. . finished 
products are ready to paint or plate. 
CO, gas shielding for mild steel hand 
gun welding is practical! 


Westinghouse 


DINAMIC REACTOR 


2 LOW-COST, DUAL-RATED MODELS 


¢ Style 427C503G01—150/300 amperes $4 5 9 


100% duty cycle—Zone 1 price* 
Style 565D956G01—300/600 amperes $ 
100% duty cycle—Zone 1 price* — 
‘Slightly higher in Zones 2 and 3 


STYLE 565D956G01 


STYLE 427C503G01 


ORDER NOW! 


For details, circle No. 67 on Reader Information Card 
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CHANGE OF RESIDENCE ADDRESS 
OR COMPANY AFFILIATION 


Residence 
Address... . 


Company Name 
and Address 


Title of position held 


Mail should be sent to my residence || company [|] (check one) 


1 wish to be affiliated with the AWS Section 

Note: To assure that your copy of the Welding Journal is mailed to your new address, this change of 
address notice must be received at American Welding Society, 33 West 39th Street, New York 
18, N.Y., no later than the 25th of the month previous to issue mailing. 


bucket teeth 
wearing too fast? 


TM. REG U.S. PAT. OFF 


11% — 132% 
MANGANESE -NICKEL STEEL 


WEDGE BARS 


minimize impact | 
& abrasive wear! 


® Workhardens to 550 Brinell 

® Practically eliminate build-up welding _ 

® Put buckets back on the job with max- _ 
imum efficiency. 


For details, circle No. 45 on Reader Information Card 


(Continued from page 1148) 

The stable tracks, 12 in. deep x 3° , 
in. thick, are said to be particularly ef- 
fective welding honeycomb panel 
facings, including 17-7 PH, AM-355 and 
AM-350 steels available only in 24 in 
widths. 

The precision equipment may be at- 
tached to type manipulators, o1 
longitudinal welding positioners with 


simple support gussets; and gantry 
mounted to walls or to eombination 
longitudinal - circumferential welding 
machines. They are available for weld 
lengths of 6,8, 10 or 12 ft. 

For more details, circle No. 46 on 
fender Information Card. 


Liquid Flux 


A new liquid flux for torch brazing in 
production where automatic fluxing svs- 
tems are used is announced by All-State 
Welding Alloys Co., Inc., 249-55 Ferris 
Ave., White Plains, N. Y. 

This new All-State product is desig- 


nated Super-Clean “Jet Flux’ brazing 
liquid and was developed especially for 
the firm’s “Jet Flux’ auto-dispenser, 
single-valve container through which 
the liquid is automatically metered into 
the acetvlene or propane gas line leading 
to the brazing torch. According to the 
manufacturer, it is usable, nevertheless, 
as a replacement for other liquid brazing 
fluxes in any automatic fluxing system. 

For more details, circle No. 48 on 
Reader Information Card. 


Welder Paralleling Attachment 


A new attachment which reported! 
simplifies the paralleling of two are 
welders to use their combined capacity 
for such work as automatic welding, are 
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Known abroad for their precision perform- 
ance, ASEASVETS Type SVU Automatic 
Flash Welding Machines are now available 
in the United States. 

Highly adaptable Type SVU is equipped 
with hydraulic clamping and motor-operated 
upsetting and has maximum welding section 

sapacities of up to 40 sq. in. 

Automatic control, operated through 
weld temperature and slide distance, per- 


ASEA ELECTRIC INC. 


500 FIFTH AVENUE, New York 36, N. Y. 


NOVEMBER, 1958 


For details, circle No. 44 on Reader Information Card 


TYPE SVU, Size 9, Automatic Flash Welding Ma- 
chine has clamping force of 20 tons, upsetting force 
of 27 tons. Maximum welding section 25 sq. in. 


mits predetermination of exact welded 
length and maintains uniformity of welds 
when abutting surfaces are uneven. 
Machines are available for special pur- 
pose applications. They also 
will be designed to meet your 


particular needs. ¢ 
| 


Please send me your brochure on Type SVU 
Aseasvets Automatic Flash Welding Machines. 


ASEA ELECTRIC INC. 
500 Fifth Avenue, New York 36, N. Y. 


+ 


NAME 
FIRM 
ADDRESS 


CITY ZONE STATE 
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cutting and stud welding has been de- 180-amp Shop Welder For more details, circle 
signed by Hobart Brothers Co., Troy, Reader Information Card. 
Ohio. Air Reduction Sales Co., a Division of 


Air Reduction Co. Inc., 150 42nd 
t., New York 17, N.Y., has developed Combination 


Welder/Power Unit 


A new combination are welder and 
power unit has been introduced by Ho- 
bart Brothers Co., Troy, Ohio. Known 
as the “PowrWeld” unit, it provides 
200-amp d-e welding current and 5-kw 


Completely enclosed in a steel case 13 
n. long, 16 in. wide and 15 in. high is a 
magnetic contactor, controlled by a 
push button and by a protective current 
relay, with a light to indicate when the 
contactor closes. Should the two weld- 
ers become badly unbalanced, current 
will flow in the equalizer circuit, tripping 
the protective relay, which trips the a ISO-amp portable a-c transtormer for 
contractor. Components are such that use in garages and on farms. Safety 
the attachment functions in use with and long life are reportedly provided 
any Hobart electric, gasoline or diesel inasmuch as the primary and secondary a-¢ capacity power. Rated at 200 amp 
powered rotating-type d-e welder that coils have been dipped in insulating the gene rator has a welding range of 30 
is rated on the basis of 60° duty evele varnish and baked The unit is said to to 225 amp at 2 5 v on 100% duty evel 
or higher. meet all requirements of the Rural Elec- Operated by an Onan air-cooled, 4- 
For more details, circle No. 50 on trification Administration with a rated evele, 2-eylinder, Model CCK engine 
Reader Information Card. input of 37 amp at 230 vy. the unit weighs 620 lb. Portable mount- 
ings are optional. 


Hammer Repair Problem 


Schmitt Steel Co. of Portland, Ore., has profited 
twice from the Arcair advice of a local welding 
supply distributor, Industrial Specialties Co. 


Percussive Stud Welder 


A new system for end welding studs 
to light gage metals has been introduced 
: by KS M Products, Inc., Merchantville 
Both jobs, several months apart, involve break- w 3 It operates on a sein’ energy 
principle which discharges its current 
and end welds a fastener in O0.006ths of a 


down repair of ram type forging hammers with 
vertical splits in the hammer heads. The head 
of the 10,000 Ib. capacity hammer (photos) was 
split full length, 37!" to a depth of 8”. second, 


Bought on the basis of speed, efficiency and economy, 


the Arcair process took just 2'/2 hours’ gouging time. 
Total material?—fifty-six %” Copperclad electrodes, 
at cost of just $8.62. And absolutely no clean-up was 


required! 


You, too, can profit from 
Arcair, in maintenance 

as well as production. 

Basic simplicity—electric 

arc plus ordinary com- 
pressed air—makes Arcair 
the new efficient, cost-cutting 
answer to your metal remov- 
ing problems. 


Get more information 


from Arcair today! 


2f® The equipment is called the “PS-] 
Percussive Stud Welding Unit.” It 


is said to weld small studs and fasteners 
Metal Removal Torches to various combinations of ferrous and 
nonferrous metals and to weld diameters 
up to in. 


of 


431 S. Mt. Pleasant St, Lencaster, Ohio Fasteners can reportedly be welded to 


For details, circle No. 51 on Reader Information Card highly polished stainless steel, coated or 
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enameled sheet and other metals with- 
out distortion, warping, burn-through, 
or discoloration to grain and polish. 
A small 2! »-lb portable hand tool holds 
the stud and closes the circuit allowing 
the welding current to be discharged 
when it is placed against the work sur- 
face It operates from either 115 or 
230 v, single-phase, 60-cycle ac 

For more details circle No 54 on 
Reader Information Card 


Magnetic-Particle Testing Kit 


A new combination “Yoke-Coil Mag- 
netic Particle Testing Kit” has been 
introduced by Magnaflux Corp., 7300 
\\ Lawrence Ave., Chicago 31 
The portable kit, designated the YL-51 
detects both transverse and longitudinal 
cracks in ferrous parts, and demagnetizes 
parts after the test is completed. It can 


he used in the plant or field for sampling 
inspection, light weld inspection, in- 
place maintenance and heavy equip- 
ment overhaul inspection. Operation 
is from 110 volts 

The YL-51 consists of a magnetizing 
coil, a two-pole voke, two powade r dis- 


pensers, | lb each of gray and black 
Magnaflux powder, two 25-ft power 
cords and a metal carry Ing Cuse 

For more details, circle No. 55 on 
Reader Information Card 


Liquid-Nitrogen Generator 


\ new liquid-nitrogen generator 
reportedly capable of producing better 
than 4 liters of 99.5% pure liquid nitro- 
gen per hour for continuous periods of 
up to 200 hours, has been announced by 
the Instruments Division, Philips Elec- 
tronics, Inc., 750 8. Fulton Ave., Mount 
Vernon, N. Y. 
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OVERLAY 
FITS YOUR JOB BEST? 


Guide to Ampco-Trode* Characteristics 


AMPCO -TRODE 160 


DEPOSIT: High strength and good 
ductility with average hardness of 
160 Brinell. Excellent bearing char- 
acteristics — resists squashing-out. 


APPLICATION: Overlaying bearing 
surfaces subject to normal wear 
and shock. Joining aluminum 
bronzes, ferrous or non-ferrous 
fabrications, and dissimilar metals. 


AMPCO -TRODE 250 


DEPOSIT: Higher yield strength and 
hardness (average 250 Brinell) 
than Ampco-Trode 200, with lower 
tensile strength and ductility typi- 
cal of the aluminum bronzes. 
APPLICATION: Extreme bearing appli- 
cations where very high pressures 
are encountered operating against 
hardened steel surfaces. 


® 


Ampco-Trode 160 
reclaimed this 
3,000-pound board 
drop ram. 


WHICH 
ECTRODE 


AMPCO-TRODE 200 


DEPOSIT: Average hardness of 200 
Brinell. Highest strength-hardness- 
ductility ratio of the Ampco-Trode 
series. Excellent wear-resisting 
characteristics. 


APPLICATION: Widely used for bear- 
ing overlays where extreme wear 
and high pressures are encountered. 


AMPCO -TRODE 300 


DEPOSIT: Highest yield strength and 
hardness (average 300 Brinell) of 
the Ampco-Trode series. 


APPLICATION: Fabricating new, or 
rebuilding worn, ferrous dies used 
for forming or drawing stainless 
steels and other clean metals. Other 
severe-wear applications. 


*Reg. U. S. Pat. Off. 


= AM AMPCO METAL, INC. 
= MILWAUKEE 46, WISCONSIN 


West Coast: Burbank, California 
Southwest: Garland (Dalias County), Texas 


1 
Bulletin W-17 | 
gives detailed | 
facts on these l 
and other | 
Ampco bronze | Name 
weldrods. | 
Send for your | Company 
copy. Tear out | 
coupon and 
mail today. 


Address 


AMPCO METAL, INC. 
Dept. 196K, Milwaukee 46, Wisconsin 


Send me Bulletin W-17. 


w-148 


Zone State 


For details, circle Ne. 56 on Reader Information Card 
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The nitrogen generator has no moving 
parts and is designed with a single at- 
column. The 
Norelco gas liquefier is employed as a 


mosphere — separation 
nitrogen condenser and the two units 
provide integrated and 
self-contained system. 

Powered by a 10-hp, three-phase 
motor, the Noreleo liquid-nitrogen gen- 
erator weighs S35 |b and occupies Hoor 
space of 20 by 72 in. area. Water 
supply of 240 gal per hr is required. 

For more details, circle No. 57 on 
Reader Information Card 


a completely 


Welding Magnifier 

An improved welding magnifier called 
“Supersite” is now being introduced by 
Glendale Optical Inc., Valley 


JKEE 


For details, circle No. 62 on Reader Information Card 


Stream, L. N.Y. “Supersite” welding 
magnifiers are said to fit all standard 
welding helmets and are designed to 
make welding easier, faster and safer 
through enlarging and improving visi- 
bility of the work for all visions 
whether for normal, prescription glass or 
bifocal wearers. The series of eight 
focal strengths range from 0.75 weakest 
power to 2.50 greatest power 

Por more details, cire le No. 5S on 
Reader Information Card. 


WELDING 


Expanding Nuclear Reactor Fuel 
Component program requires 


WELDING 
DEVELOPMENT 
ENGINEER 


Metallurgical or welding en 
gineer background, and 5 
10 years’ experience 


WELDING 
SUPERVISOR 


B.S. M. E. preferr 
ability to supervise 
operators for complex 


ity work 


Applicants must be thoroughly experienced in 
INERT-GAS ARC-WELDING TECHNIQUES 
and EQUIPMENT 


SALARIES OPEN 


Send resume to 


RE-LOCATION EXPENSES PAID 


Technical Manage 


NUCLEAR FUEL OPERATION 


OLIN MATHIESON 
CHEMICAL CORP. 


275 Winchester Ave. 


Fixtures for Resistance Welding 

The Federal Machine and Welder 
Co., Warren, Ohio, has introduced a new 
line of welding fixtures for use in port- 
Contouw 
form locators are positioned along the 


able gun welding of parts 


outside edges ol the assembly and nlohyg 


the welding seam. Fixed locators 
fingers together with permanent 
nets locate the parts to be welded 
magnets are arranged to slide in and 
through an eccentric shaft 

For more details, cirele No. 600 on 
Reader Information Card 


Plasma Flame Torch 


Thermal Dynamics Corp., Hanover 
N. announces its Model F-40 plasma 
flame torch. This torch creates in- 
tensely hot flames with temperatures to 


20.000° F, and higher. Heat transtfe1 


rates from below that of the oxyacety- 
lene torch to above that of the conven- 
tional welding are are reportedly avail- 
able for the first time from a single 
source. Sustained operation on inex- 
pensive gases such as nitrogen and hy- 
drogen is possible. The noble gases 
such as argon and helium, are also us- 
able. It is felt that plasma offers an 
important new tool to industry which 
will lead to new welding applications. 

For more details circle No. 61 on 
Reader Information Card. 
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Use Pureco C0, 
for LOW COST gas shielded 
metal arc welding 


Pureco carbon dioxide, used as a gas shield by fabri- 
cators of mild steel, will provide quality welds with 
unusual economy. 

Carbon dioxide is ideal for both single and multi- 
pass applications, manual or automatic, with large 
or small diameter wires. And now—you can also use 
CO: for position manual welding. 

Your Pure Carbonic representative can give you 
the technical assistance you need and recommend a 
CO, supply system best suited for your particular 
operation. There are more than 100 Pureco locations 
from coast to coast for your convenience. Call or 
write today. 


Pureco 


Pure Carbonic Company 


A Division of Air Reduction Company, Incorporated 
150 EAST 42ND STREET, NEW YORK 17, N. Y. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 
For details, circle No. 63 on Reader Information Card 


1157 


: 

ronsor M Ichine Co ] 198 : >» 
Becker Bros. Carbon Co 40 
VDrawalloy Corp 18 : j ' 

international Nickel Co., 1068 

3 Jackson Product nside frant cover ; 

1139 

14 
o. The Lincoln Electric Company a 

: Linde Company, 4 Division of Unior yroide Lor 

poration 1066 

Merril] Brott er 1109 

ie Metal & Thermit Corp 45 : 

Mi ler Flectri Mar sfacturir Co if } ) 

National Carbide Company 
INationa 114 14 
1199 
1064 
1156 
1134 
: 1102 
1149 a 


Specify Drawalloy “quality controlled” stainless 
steel welding wire for your next “quality weldments.”’ 


Your greatest advantage is experience . . . our experi- 
ence in producing wires for welding exclusively. Be- 
cause we are specialists, Drawalloy stainless steel 
welding wire is produced to strictly controlled specifi- 
cations to provide the right chemistry, finish and 
temper for the finest quality weld metal and smoother 
operation in your automatic or semi-automatic equip- 
ment. Drawalloy stainless wires are available in all 
popular grades as well as 214 Cr, 1 Mo; 114 Cr, 14 Mo. 

Why not discuss your stainless welding wire needs 


Stainless Steel Welding Wire 


Spooled for 
Inert Gas 
Shielded 
Metal Arc 
Welding 


Coiled for 
Submerged 
Arc Welding 


Cut Lengths 
for Inert 
Arc Welding 


with your Drawalloy Distributor or Representative 
. .. a man with the products and knowledge to help 
you. Bulletin 355 DC provides complete information 
on every grade of Drawalloy wire. Write to: Draw- 
alloy Corporation, Lincoln Highway West at Alloy 
Street, York 13, Penna. 


DRAWALLOY 


CORPORATION 
YORK, PENNSYLVANIA 


THE WIRE MILL FOR THE WELDING INDUSTRY — STAINLESS STEEL - TOOL STEEL 


For details, circle No. 64 on Reader Information Card 
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“Yours for the Asking” -—— 

Now, with just one postcard, you can gather all 7 : 5 

the literature offered in the Journal. Just follow : : 
these simple steps for quick action: 
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5 
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3 
Please print name and address legibly. Y O 
Detach card and mail. No postage necessary. 
© > 
The Journal and its Advertisers 3 
appreciate your interest : m2 


; —+ 
{ 
148 4 
id 
NAME 
‘ 
TITLE 
: 
ADDRESS 
| ; 
| | 
4 


FIRST CLASS 


PERMIT NO. 9286 
NEW YORK, N. Y. 


Free 
information 
about newest 


Welding 


«Processes 
«Equipment 
e Materials 


POSTAGE WILL BE PAID BY 
33 West 39th Street 


The Welding Journal 
New York 18, N. Y. 


Business Reply Card 


No postage necessary if mailed in the United States 


NOVEMBER, 1958 

Card valid until Janvary 31, 1959 

Please send me, without cost or obligation, further 
toad SEE REVERSE SIDE FOR DETAILS 


76 
52 
53 


USE THIS HANDY POSTCARD 


CLOSELY WELDED! 


@ Take approximately 12,000 men vitally interested in 
the Welding Industry . . . in its research and constant 
development. Give them a magazine that keeps them 
up-to-the-minute about their industry . . . about the peo- 
ple who make news in welding . . . where they go, what 
they do, when they do it. 

® Such a group of men, closely welded together by a 
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Study made to determine the effects of 


EFFECTS OF CHEMICAL COMPOSITION 
ON CRACKING RESISTANCE OF 
HIGH-STRENGTH-STEEL WELD METALS 


residual and alloying elements on the properties of weld 


BY R. P. SOPHER 


ABSTRACT A stud) was made to de- 
termine the effects of carbon, sulfur, phos- 
phorus and rare-earth metal on the erack- 
ing resistance of high-strength steel weld 
metals. Experimental equipment was 
designed and built to determine the 
strength and duetility properties ol the 
high-strength steel under conditions that 
simulate the cooling of a weld deposit 
The prope rties were obtained during rapid 
cooling from the liquid state 

Emphasis was placed on determining 
the causes of cracking it temperatures 
near the solidus The adverse effects of 
sulfur on hot cracking of welds were il- 
lustrated. Carbon in the range from 0.20 
to 0.59% had little effect on hot cracking 
Simulated weld metals containing 0.089% 
phosphorus had considerably lower due- 
tility and fracture strength in the tem- 
perature range from 2300 to 2600° | 
than weld metals containing 0.004 and 
0.017% phosphorus. These results show 
that phosphorus, although within the 
specification limits — of aircraft-quality 
steels, is responsible for low duetility 
and cracking of welds at temperatures 
near the solidus The addition of rare- 
earth metal to normal sulfur steels im- 
proved the high-temperature ductility 
and strength significantly This improve- 
ment in properties ol the treated weld 


R. P. Sopher is Assistant Chief, Metals Joining 
Division, Battelle Memorial Institute, Columbus 
Ohio 

This paper is based on a thesi submitted in 
partial fulfillment for the degree of Master 
Science in Metallurgical Engineering, to the 
facult f the Ohio State Universit 


Paper presented at AWS 1956 


Annual Spring 


Meeting held in Buffalo, N. ¥ May 7--1 


NOVEMBER 1958 


metals during cooling from the molten state 


metals was obtained by producing more 
desirable types of inclusions in the weld 
deposit 

The results of the high-temperature 
tension tests were compared with the sus- 
ceptibility of the alloys to cracking when 
deposited by are welding Those alloys 
which exhibited poor ductility several 
hundred degrees below the solidus tem- 
perature also. exhibited poor cracking 
resistance If the allovs exhibited good 
ductility, sound welds were deposited 

The study deseribes a new method of 
determining the causes of cracking In 
weld metals. The results illustrate that 
crack-free welds containing higher than 
normal carbon content may be deposited 
under restrained conditions As a result, 
weldments may be fabricated and sub- 
sequently heat treated to very high- 
strength levels 
Introduction 
Weld-metal cracking is a major prob- 
lem in fabricating weldments from high- 
strength steel. The desire is to join 
structures or components by welding, 
yet in many cases this cannot be ac- 
complished because of the cracking 
that often occurs in the weld deposit. 
This problem is of great concern to the 
aircraft and missile industries because 
of the need for joining high-strength 
steels which may be heat treated after 
welding to strength levels of 250,000 
psi or above. In order to meet these 
high-strength requirements, it is im- 
perative that the weld deposits must 


be of high quality and respond to heat 


treatment in the same manner as the 
base materials. In view of the need 
of these high-quality materials, the 
Wright Air Development Center spon- 
sored this research to determine the 
effect of chemical composition on the 
high-strength 
low-alloy steel weld metals. 

An extensive survey of the field 
of welding conducted by Williams, 
et al.! showed that the major type of 
cracking associated with weld metal is 
hot cracking, which occurs at high 
temperature during the initial cooling 
of the weld deposit. The results of 
many previous investigations indicated 
that the causes of hot cracking in weld 
deposits are similar to the causes of hot 
tearing in steel castings. Some in- 
vestigators have stated a belief that 
weld-metal cracking might be asso- 
ciated with the blue brittle character- 
istics of steel. However, it is generally 
believed that the weld cracking that 
occurs at high temperatures is analogous 
to hot tearing in castings. 

Studies of weld-metal hot cracking 
have shown that the cracking is inter- 
granular. The separation at the grain 
boundary would not occur if stresses 
were not applied. However, in almost 
any are-weld deposit there are tension 


cracking resistance of 
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stresses asa result of contraction during 


cooling from the liquid state. Infor- 
mation was needed to establish the 
residual or alloying elements that con- 
tribute to intergranular failures of weld 
metals. 

Weld metals that have failed from 
hot cracking give evidence that very 
little, if any, straining occurs before 
failure. Therefore, a test designed to 
determine the properties of weld metals 
at elevated temperatures should be of 
value in determining the temperature 
at which cracking occurs. The paper 
describes a test method that was de- 
veloped to measure the strength and 
ductility of an alloy at various tem- 
peratures during cooling from the liquid 
state. This freezing-cvcle hot-tension 
test provides for a very high cooling 
rate of the test metal which simulates 
conditions that exist in a weld deposit. 
The original concepts of this approach 
were described some time ago;? how- 
ever, the equipment has been modified 
as described in this paper. 

Aircraft-quality SAE 4340 type steel 
This al- 
lov was selected because there was an 
urgent need for a weld metal which 
could be deposited and subsequently 
heat treated to high-strength levels. 
The effeets of carbon over the range 
from 0.30 to 0.59% on weld cracking 
Some information on 


was used as the base metal. 


are presented. 
this subject has been reported previ- 


ously by Sopher, et al as well as the 


effect of sulfur on high-temperature 
cracking of weld metals. Since phos- 
phorus is prone to segregate in an alloy 
steel, the effects of this element on 
weld-metal cracking were determined. 
The addition of rare-earth metals has 
improved the workability of low- and 
medium-alloy steels at high tempera- 
tures. Therefore, studies were made 
to determine if a reduction of weld- 
metal cracking could be obtained from 
such additions. 

The freezing-cycle tension test proved 
to be a very valuable tool for studying 
and illustrating the effects of residual 
and alloving elements on the cracking 
resistance of weld deposits. The test 
results from the high-temperature stud- 
ies are compared with the cracking re- 
sistance of the same alloy steels de- 
posited as weld metals. 


Preparation of Experimental Alloys 

All of the experimental alloys used 
in this investigation were prepared in 
the Battelle Laboratory. Since the 
object of the study was to determine 
the effects of small amounts of residual 
or alloying elements on the mechanical 
properties of the weld metals at high 
temperatures, it Was necessary to exer- 
cise extreme care in preparing the heats. 
The basic composition of the steel 
was an SAE 43X.X type. 

All of the heats were prepared in an 
induction furnace. Melting was done 
ina MgO crucible with the liquid metal 


(A) High-speed recording potentiometer 
(B) High-speed brush recorder 
(C) Test specimen 


Fig. 1 
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Hot-tension machine and auxiliary equipment 


(D) Induction coil (A) Test specimen 
(E) Air cylinder (B) Induction coil 
(C) Ceramic tube 


protected from oxidation by an inert 
atmosphere of argon. In the heats 


where it is necessary to maintain low 
residual elements, i.e., sulfur and phos- 
phorus, electrolytic iron was used as 
the melting stock. Ingot iron was used 
as the melting stock for the remaining 
heats. 

In those heats which contained misch 
metal, approximately 0.030% aluminum 
was added, as a deoxidizer, prior to the 
addition of rare earths. The alumi- 
num was added to prevent a loss of the 
misch metal through oxidation. Those 
heats which contained misch metal 
were poured at 2850° F, because maxi- 
mum desulfurization of steel occurs 
when misch metal is added at this 
temperature.4 The other heats mace 
in this investigation were poured be- 
tween 2900 and 2880° F. 

The melts were poured into two 100- 
Ib big-end-up ingot molds. The chem- 
ical analyses of the ingots were de- 
These anal- 
After it 
was assured that the desired composi- 


termined prior to forging. 
yses are shown in Table 1. 


tion was obtained, one ingot was hot 
forged to round stock and the other 
ingot was forged to plate stock Part 
of the round stock was machined to 
tension specimens which were subse- 
quently tested at elevated temperatures 
Some of the rounds were further proc- 
essed to filler wire for use in subsequent 


tests of weld deposits. 


(D) Clip-gage extensometer 
(E) Thermocouple 


Fig.2 View of specimen prepared for testing 
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Test Methods Used to Determine 
Causes of Weld-Metal Cracking 

In order to determine the cause of 
weld-metal cracking that is believed to 


tempts have been made to determine 


the temperature of cracking in a weld 
bead. 


rapid cooung 


The major problem is the very 


rate together with the 


occur during the initial cooling stage drastic temperature gradient within a 
it was necessary to obtain the me- weld bead on cooling. The tempera- 
chanical properties of the weld deposits ture of the small volume of metal 
at these high temperatures It was through which a crack may occur 
believed that the material should be which is usually the center of the bead 
Table 1—Chemical Composition of Experimental SAE 43XX Steels 

Heat ¢ Vn S Vi ( Vo S \ | 

\ 0 20 0 07 0 30 2 07 49) 0 OOS 0 O10 

B 40 1 ol 0 7S 20 0 OO4 

( 54 66 0 20 1 0 26 0 O06 0 OO7 

40 Oo 76 0.2 1 83 24 O15 

0 35 0.77 0.23 1 S84 23 0 O36 0 O11 

I 43 O Sb 0 33 1 S86 St 26 0 006 0 O17 OO5 

OSS S4 32 1 85 () &S 0 26 0 OO7 0 O39 0 O06 

H 0 40 0 SS 0) 25 171 SO 24 0 O81 0 O06 0.03 

Split hen O25 

0 O14 

"O15 rare-earth metal added to Heat H 

tO30 rare-earth metal added to Heat H 


cast condition which ts the 
The data 


obtained during the cooling 


tested in the 
condition of a weld deposit. 
should be 


evele The cooling rate, at least in the 
temperature range near the solidus 
should be very rapid to simulate the 


quenching effect of the base-plate ma- 
terial In order to the fast 
rate, it was believed that the 
cle should be rapid and also 


obtain 
cooling 
heating cy 
the volume of metal to be heated should 
All of these concepts were 
considered in designing equipment which 


be small 


was built to determine the strength and 
ductility properties of a simulated weld 
deposit. The heated to the 
liquid range and tested at preselected 


allov is 


temperatures during the cooling cvele 
Other work®, is being done to simulate 
weld heat-affected but the 
terials are not heated to the liquid rang 


Zones 
If weld deposits are to be simulated, the 
material under study must be heated to 
the liquid range and the tests conducted 
on the cast material. 

It was believed that the test results 
from any test 
should be compared with a conventional 


new type ol specimen 
tvpe of cracking-test specimen to insure 
that the actual welding conditions wer« 
being simulated. This was 
plished by determining the 

resistance of the material from the same 
heat that was used in the hot-tension 
studies. A modification of the Lehigh 
restraint cracking test was used in this 
phase of the study. 


accomi- 


cracking 


Hot-Tension Tests 

In many of the weld-metal restraint 
tests, it is difficult to detect 
the cracking temperatures 
near the solidus or whether it occurs 
temperature. Many at- 


whether 
occurs at 


room 


near 
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hundred degree s above 
at the edge of the bead 
If the conditions 
reproduced that exist in the 
i weld-metal crack occurs 
ved that some of the causes 
de- 
In order to reproduce these 
the 

cooling from the molten 


be se veral 
the temperature 
the 


ould be 


near bond line 
in which 
it was bel 
of weld-meta cracking could be 
termined 
conditions materials should be 
studied while 
state 


ola we ld deposit 


which would simulate the cooling 


One of the most important reasons 
for determining the properties of the 
weld metal is concerned with the 
metallurgical structure of the cast ma- 
terial. Most of the cracking occurs 
intergranularly; therefore, the ma- 


terial in or immediately adjacent to the 
boundary must be responsible 
though the 
tremely fast in a weld deposit the degree 
within a 


grain 


cooling rate Is ex- 


| ven 


of coring or microsegregation 


grain of a weld deposit may be as great 


as that found in an ingot but on a 


smaller pattern On cooling, the first 
material to freeze is the most pure 


result, the remaining liquid to 


As a 


freeze contains a progressively higher 
content of the alloying elements. On 
complete solidification, one may find 
segregation or coring within a single 
grain. This segregation is more pro- 
nounced near the grain boundary. 
rhis degree of segregation would in- 


constituents within the 
PRecause the cooling 


fluence also the 
grain boundary. 
veu carbon may not 
opportunity to diffuse to the 


found in a east strue- 


rate is so rapid ¢ 
have the 
degree normally 
ture. Other 
mium and nickel would be expected to 
segregate during freezing. Tests made 
materials during the heat- 


elements such as chro- 


of wrought 


ing cvele may be evaluating a structure 
that is entirely different from that which 
st structure which is tested 
evele. It has been 


shown that some alloving elements are 


eXISts In & Ca 
during the cooling 
to segregation than others 
during freezing if the basic 
causes of hot cracking of welds are to 
then the alloy 
evaluated by some technique that simu- 
the a weld de- 


more prone 


Therefore, 
must be 


bye found 


lates closely cooling of 
posit 

The equipment 
to study the j 


effect ol 
elements on weld cracking is discussed 


built 
various alloying 


ce signed and 


in this section of the paper. 


Equipment 
\ photograph of the apparatus and 
equipment used in this study 
The test specimen 
used to measure the 
properties are 


auxiliary 
is shown in Fig. 1 


and 
ductility 


instruments 
and strength 
clearly in Fig. 2. The 
that the 
of the materials 
could be obtained over the temperature 
range the 
perature Au 

activate an al 


illustrated more 


apparatus was designed so 


strength and ductility 
room tem- 


from solidus to 


pressure was used to 
evlinder which was con- 
an extension rod and holder 
to the tested. The 
machine was designed to produce a 
maximum load of 45,000 Ib. 

‘ applied to the test speci- 
men was recorded on a high-speed brush 


n | } 
nected Dy 


specimen being 


Phe load 


recorder from strain gages attached toa 


load cell connected to the lower ex- 
tension rod. The load cell was eali- 
brated from 0 to 40,000 lb on a stand- 


mie hine. A 
extensomete! used to 
elongation. <A strain 
corder was used to obtain the elonga- 
tion record 

{ 30-kw spark-gap induction unit was 


ird tension clip-gage 


measure 


high-speed re- 


‘ 
475 
eramic thermocc e 
j protection tube 
e beod 
6 
! 
rom ruc: ble 


3 
: 
Fig. 3 Cross section of test specimen can 
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Fig. 4 Typical heating and cooling curve from hot-tension specimen 
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Fig. 5 Restrained weld-cracking specimen 
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used to heat the specimens to the liquid 
state. The specimens were heated to a 
temperature of 2900 Fin approximately 
20 sec. The temperature ol the spec- 
imen was measured by placing a plat- 
rhodium thermo- 
couple in the molten zone as shown in 
Fig. 3. The couple Wis protected 
from the molten alloy by a thin-walled 
ceramic tube. After several tests were 
made and cooling curves were obtained 
for each, it Was apparent that the cool- 
ing eurves were the same for all the 
test specimens, which indicated that 
the heating and cooling cycles were 
reproduced consistently. A typical heat- 
Ing and cooling eurve is shown hig } 

It was desirable to have as uniform 
a temperature as possible across the 
diameter of the test) specimen If a 
large temperature gradient existed, then 
the values obtained from testing the 
material would not represent the actual 
properties of the alloy at the tempera- 
ture recorded at the center of the speci- 
men. In order to determine the tem- 
perature gradient from the center to 
the outside edge of the specimens, a 
rhodium ther- 
mocouple Wiis placed in the center and 
another at the outside edge of the 
specimens. The temperatures were re- 
corded on an extra high-speed recording 
potentiometer. This experiment showed 
that the temperature gradient across 
the diameter of the specimen Wits less 
than 25° F. 

The design of the specimen used in 
this study is shown in Fig. 5 \ pproxi- 
mately three-fourths of an inch of the 
specimen Was heated above the melting 
point. By heating only this small 
volume of metal in a very short time 
the major portion of the cooling oc- 
curred in the longitudinal direction ot 
the specimen, This procedure also 
resulted in a very high cooling rate as 
was shown by the cooling curve. 
Since the test section of the specimen 
was heated to the molten state, a 
method had to be devised for retaining 
the liquid steel. Quartz tubing was 
drawn over a tungsten mandrel to a 
uniform inside diameter and used as 
the crucible to retain the metal while 
above the solidus temperature 


Test Procedure 

The  hot-tension specimens were 
heated and cooled according to the 
curve shown in Fig. 4. During cooling, 
the specimens were fractured at a 
predetermined temperature, whieh was 
in the range from 2700 to 1000° F. 
Tests were usually conducted at 100° F 
intervals and often two or more tests 
were conducted at each temperature. 
At the instant of fracture, the elonga- 
tion and load were recorded on a two- 
stage brush recorder. As the inves- 
tigation progressed, it was found that 
reduction in area was a more aecurate 
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Fig. 7 Effect of carbon content 
Fig. 6 Comparison of ductility of experimental SAE 43XX steels on hot-crack susceptibility of SAE 
showing effect of carbon content (S and P < 0.010% in all heats) 43XX weld metals (S and P < 0.010% 


in all welds) 


measure of ductility because the de- N ehigh restraint test was orging and hot rolling, then cold rolled 
formation tl ceurred at the fracture for « uating the weld metals ) -in, wire, Which was the size of 
face Was mo vnificant than the de- ! A line drawing of the filler wire used in the welding tests. 
formation at oceurred over a give <pecin is own in Fig. 5.) The he cold-rolling process was employed 
gage lengtl Phe fracture face 0 ntiona high specimen is usually istend of cold drawing, because larger 
sufficiently uniform to permit : C- rep | from a wle blank of plate; reductiol ould be made without an- 
curate mensurement. The data are howeve is necessary to conserve 
plotted as reduction in are Lol clongatior material because of the cost of preparing Welding Procedure 
versus test temperature Phe tensile xperimental alloy herefore, in- 
and fracture strengths are also plotted were into the frame The inert-gas-shielded consumable- 
Weld-Metal Cracking Tests ncaa the fille perin 
There sare many. different types. ot SIDI to deposit high-purit, 

; ls without contamination of 


from the ime process W used to deposit 
weld metals because 
s deposit 


‘he restraint imposed on the test 

‘ aoa in the restrained test Huxes or active gases. 

of the tests are designed so that the weld \ heat input of 47,S00 joules per inch, 

is highly restrained from contracting vhich was established at the beginning 
edge ot thr specime! 

the study, was used for all cracking 

susceptibility tests A preheat tem- 

perature of 200° F was used for the 


ing resistance of a weld deposit Many 


restraint tests for « uating the crack- 1 


during cooling, while other esigns 
lu ‘psa $52 d A specimen with no saw cuts is 


fer ch less restral tl : 
offer traint, Me the sidered as offering S or severe re- 


sts are used AS: vo-no-go ( 10d 
tests a! l LoO-no-g meth <traint rhe 


with the depth of the saw cuts varying 


test specimens wert mace 
cking tests, unless stated otherwise, 


use several of the weld metals 
racked at low temperatures (estimated 


evaluation if the weld deposit 
fails it is unsatisfactory for the par- 


from ' , to , in. This difference in 
ticular application. It is often not 


depth of cut varied the restraint 
known to what degree it was unsatis- Se eeee S and 2 +n. in increments of from color of the oxide on the fracture 
factory in tru to be 1000° F or lower). These 

The restrained weld test was used in racks were believed to be the result 
this investigation to: (1) determine to Preparation of Experimental Filler Wire of quench cracking, while this study 
what degree one particular weld-metal The filler wire used for depositing the was concerned primarily with the 
composition resisted cracking as com- weld metals was fabricated from the cracking that occurs near the solidus 
pared with another of slightly different same heats of steels that were used in temperature. The 200° F preheat 
composition; and (2) serve as a guide the hot-tension tests. This procedure temperature was sufficient to reduce 
in determining whether or not the hot- permitted a comparison of the results the cooling rate which eliminated the 
tension test was capable of illustrating from the two different tests. A portion cracking at the lower temperatures. 
the effects of chemical composition on of the experimental alloy-steel ingots After completing the test weld, the 
erack sensitivity of weld-metal deposits was reduced to '-in. rounds by hot inserts were removed from the frame. 
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Fig. 9 Effect of sulfur on hot-crack 
Fig. 8 Comparison of ductility of experimental SAE 4340 steels showing susceptibility of low-phosphorus SAE 
effect of sulfur content 4340 weld metals 
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The weld was sectioned transversely results from the freezing-cycle tension 
at the center and at 1 in. on each side tests are then compared with the 
of the center, then polished and ex- cracking susceptibility of the weld 
amined for cracks. metals. The effects of carbon, sulfur, 


phosphorus and rare-earth metals on 
high-temperature properties and crack 
ing resistance of high-strength steel 
weld metals are illustrated. 


Studies of Effect of Carbon 


Test Results 

The effects of residual and alloying 
elements on the properties of weld 
metals during cooling from the molten 
state are illustrated in this section. 


The high-temperature strength and Many investigators have suggested 
ductility properties of the alloy steels that hot cracking in weld metals is 
were determined by the use of the spe- more pronounced as a carbon content 
cially designed apparatus, which was is increased. Other studies in- steel 
discussed in the previous section. The castings indicate that hot tearing is 
T 
75 
& 
$ _ Heat B Heat F 
= |}0004%P OOI7T%P 0.039 %P 
1] |0004%S 0006%S 0007%S 
= 040 %C 043% C 038%C 1 
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Test Temperature, F 
Fig. 10 Effect of phosphorus on hot ductility of SAE 4340 steel 
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Fig. 11 Fractured hot-tension specimens illustrating the change in ductility with 
test temperature 
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decreased as the earbon content is 


increased. The effects of carbon con- 
tent on the high-temperature properties 
of SAE 483XX type steels on cooling 
from the molten state were discussed 
in a previous paper which covered 
some of the early concepts of this study 

Additional ductility properties of three 
SAR 43XX type steels containing 0.20 
0.40 and 0.599% carbon are shown in 
Fig. 6. In these steels, the residual 
elements sulfur and phosphorus were 
0.010% or less. The complete chem- 
ical analyses of these steels (Heats A, 
B and C) are given in Table 1. As 
the carbon content was increased, the 
temperature at which the alloy exhibited 
ductile fractures on cooling was lowered 
The effect of carbon on lowering the 
temperatures at which the simulated 
weld metals first showed evidence of 
ductility on cooling from the molten 
state was expected on the basis of the 
lower solidus temperatures with in- 
creased carbon content. 

The cracking susceptibility of the 
steels deposited as weld metals was de- 
termined by the restrained weld test 
A portion of the material from an ingot 
of each heat was fabricated to filler 
wire as discussed previously. The re- 
sults of the cracking tests of SAK 43XX 
weld metals with varving earbon con- 
tent are shown in Fig. 7. The plot 
shows that increasing carbon content 
from 0.20 to 0.599) of a low-sulfur- 
phosphorus weld deposit caused a mod- 
erate decrease in cracking resistance 
These results demonstrate that a weld 
metal of SAE 4340 composition can 
be deposited under relatively high re- 
straint without hot cracking provided 
the sulfur and posphorus are at a low 
level. 


Studies of Effect of Sulfur 


Sulfur as an impurity is believed to be 
a major factor in causing weld-metal! 
cracking. It is believed that the effects 
of sulfur are related to the formation 
of low-melting-point eutectics such as 
FeS, which melts at 1850° F. The 
effects of sulfur on the duetility of 
experimental SAK 4340 steels are shown 
in Fig. 8S. The three heats used to 
study the effects of sulfur are labeled 
B, Dand FE. The chemical compositions 
are given in Table 1. As the sulfur 
was increased from 0.004 to 0.0360 
the ductility decreased at temperatures 
near the solidus. This increase in 
sulfur content lowered the temperature 
at which the steel first began to exhibit 
ductility on cooling from the liquid 
range. This decrease in temperature 
was approximately 150° F. The de 
crease in ductility of the high-sulfur 
steel indicated that there was a sufficient 
amount of segregate (low-melting eutec- 
tic) to cause separation in the grain 
boundaries without any appreciable 
deformation. The detrimental effects 
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of sulfur were also demonstrated from 
eracking tests of the weld deposits HT 
shown in Fig. 9. Increasing the sulfur 
content of SAK 4340 weld metals in 
the range from 0.004 to 0.03697 re- 
sulted in a 


pronounced decrease in 


degree ol 


resistance The 
required to crack the low- 


cracking 
restraint 
sulfur (0.00897) weld metal was four 
times that required to fracture the hig! 
sulfur (0.0360) deposit. These test 
results compare quite favorably with 
the hot-tension studies of these same 


alloys 


Studies of Effects of Phosphorus 


Phosphorus has been found to be re- 


sponsible for weld-metal crac king. The 
states that the 
be tolerated in weld metals range 


literature limits which 
ean 
from to 0.07% The reason for 
this difference in the maximum limits 
is the 
evaluating the 
the deposit, The 
of phosphorus is usually 


n methods ot 


great variation 
cracking resistance of 
effect 


cones rned with 


detrimental 


the formability of a steel by making 


the steel brittle, known as cold short- 
ness There has been less attention 


given to the effects of phosphorus o1 


weld-metal cracking than has beet 
Generall 


ents 


given to effects of sulfur 


the maximum limits of the two elem 


are the same in most specifications 
Heats B, F and G were used to study 

the effects of phosphorus on resistance 

The chemical 


compositions of the steel simulated weld 


to weld-metal cracking 


metais are given in Table | it ot 


the alloving 


elements are approximatet 


the same for the three steels except the 
phosphorus content, which was varied 
from 0.004 to 0.039°. The highest 


content was selected because most 


give maximum limit 


of 0.0405 7, and it was of interest to 
determine if this amount would hav 


specifications 


anv effect on the hot-cracking resistance 
of a weld metal of this bast composition 

The hot duetility of the three steels 
used to study the effects of phosphorus 
The reduction in 
area of the 0.017 and 0.39% phosphorus 


Is shown in Fig 10 


steels was vers low, in the range from 
2 to 5°), at 2600° F while the ductility 
of the 0.004% phosphorus steel was 


approximately 25°, at this tempera- 
ture At 2500° F, the low- and me- 
dium-phosphorus steels exhibited excel- 
lent ductility, in the order of 75%. 
This good maintained 
down to a test temperature ot 1700° F 
The ductility of the high-phosphorus 
steel was less than 8° until a test 
temperature of 2300° F was reached. 
The ductility increased to approximately 


ductility was 


15% at 2300° F and continued to 
increase to approximately 25% at 
1700° F. The difference in ductility 


between the medium- high-phos- 
phorus steels is illustrated by the frac- 
tured specimens, which are shown in 
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Fig. 12 Effect of phosphorus on fracture strength of SAE 4340 steel 


Fig. 11. One 
which exhibited the greater ductility at 
temperatures near the solidus to be much 


would expect the stee! 


less crack sensitive when deposited as a 
weld metal If the 


stresses in a weld de- 


material deforms 
plasticall the 
posit, as a result of contraction during 
cooling, could relieved without 
fracturing 

The fracture strength of the three 
steels tested over the temperature range 
from 2700 to 1700 F is plotted in Fig. 
12. The data illustrate that the proper- 
ties of the steels are increased as the 
phosphorus content is decreased. One 
would expect the fracture strength of 
the steel to be an indication of the 
cracking resistance ol these allovs whe n 
deposited as a weld metal. 

The cracking resistance of the thre 
steels containing various amounts ol 
phosphorus was determined by deposit- 
ing the alloys in the restrained weld 
The results of the cracking 
shown in the bar graph 
13. The high-phosphorus 


specimen, 
tests are 
ol Fig. 


0.039%) weld deposit cracked under 
the minimum of restraint offered by the 
which is 2 in. wide. The 
0.017%) weld 
failed under moderate restraint, 
or a 6-in. wide specimen. The low- 


phosphorus (0.0049) weld deposit with- 


specimen 


-phosphorus 


1 the maximum restraint of 8 in. 
offered by the specimen. The test 
results indicate that phosphorus in 
quantities greater than approximately 
0.010% is detrimental to the cracking 
SAE 4340 type weld 


resistance ol 


metals. 


Studies of Effect of Rare-Earth Metal 


The detrimental effects of sulfur on 
the hot-cracking resistance of weld 
metals as determined by hot-ductility 
and weld-cracking tests illustrate the 
desire to maintain the quantity of this 
element at a low level. In many cases, 
it is difficult to maintain a low sulfur 
content in a weld deposit or base 
material. Under these conditions, it 
would be desirable to reduce the harmful 
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effects of sulfur. Perhaps an improve- 
ment could be obtained by controlling 
the freezing mechanism of the sulfur 
compounds. In this investigation, it 
was decided to reduce the amount and 
or change the composition of the low- 
melting mixtures which were believed 
to be responsible for the poor ductility 
and strength properties at the elevated 
temperatures 

Misch metal has been used to im- 
prove the properties of steels in the hot- 
shortness range. It has been used also 
in stainless steels to reduce columnar 
structures to the more desirable equi- 
axed type. Sulfur has been found to 
be the cause of hot tearing in castings, 
which is similar to hot cracking in weld 
deposits, and these high-temperature 
improved by rare 
believed 


properties were 
earths. Therefore, it Wis 
that misch metal might also be bene- 
ficial in improving the ductility of the 
Misch 
metal consists of lanthanum 30°, min- 
and other 


weld metals near the solidus. 


imum, cerium 45 to 50°, 
rare earths which account for the re- 
maining 20 to 25°; 

Three heats of steel wer prepared, 
each containing a different amount of 
misch metal. The melting and casting 
procedure used for preparing these heats 
was discussed previously. The steels 
are identified as Heats H, I and J and 
the chemical analyses are listed in 
Table 1. The base heat (Heat H) 
contained sulfur. The addi- 
tion of 3 lb ton of misch metal lowered 
the sulfur content to 0.0250, (Heat I). 
The sulfur content of Heat J was re- 
duced to 0.01407 by a further addition 
of 3 lb ton of misch metal. The duc- 
tility of the three steels at high tem- 
peratures is shown in Fig. 14. The 
data indicate clearly the improvement 
in duetility as a result of the misch 
metal addition. Heat H, which was 
the base heat without misch metal, 
exhibited no measurable ductility at 
2600° F. An examination of the frae- 


ture face of the specimen showed that 
the fracture path was between the den- 
drites and that no straining occurred 
before failure. The steel with 0.150; 
3 lb ton) misch metal addition (Heat 
1) exhibited approximately 10°) re- 
duction in area at 2600° FP. At 2500° 
F, the ductility of Heat [T was increased 
to approximately 40°) as compared 
with no ductility of Heat H. The 
strength of the steel was improved 
further by the addition of 0.500) (6 
Ib ton) of misch (Heat J). 
This steel exhibited approximately 50 
reduction in area at 2600° F. Since 
the solidus temperature of the steel is 


metal 


approximately 2650° F as determined 
from the Fe-C constitutional diagram, 
and the ductility of the steel of Heat H 
is low over the temperature range from 
2600 to 2400° F, 
weld deposit of this composition to be 
susceptible to cracking in this range 
if it were subjected to any great amount 


one would expect a 


of stress. 

The fracture strength of the base steel 
and those treated with rare-earth metals 
is shown in Fig. 15. The two steels 
treated with rare earths exhibited higher 
fracture strength than the untreated 
steel over the temperature range from 
2600 to 1S00° The properties near 
the solidus temperatures are quite in- 
teresting because a very significant im- 
provement in strength was obtained 
The fracture strength of the steel treated 
with 6 Ib ton of misch metal was 
higher than that of the steel treated 
with 3 Ib ton of misch metal. The 
greatest improvement in. properties as 
a result of the rare-earth additions was 
over the temperature range from 2600 
to 2200° F. This is of real interest 
from the standpoint of weld-metal crack- 
ing because hot cracking usually occurs 
in this temperature range. Therefore, 
from these data one would expect an 
improvement in hot-cracking resistance 
of these alloys when deposited as a 
weld metal. 
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Fig. 13 The effect of phosphorus content on cracking sus- 
ceptibility of low-sulfur SAE 4340 weld metals 
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The fractured tension specimens of 
the base heat and the two heats treated 
with misch metal are shown in Fig. 16. 
These photographs illustrate the chang 
in ductility of these steels over the tem- 
perature range from 2600 to LO00° F 
Of particular interest is the improvement 
in ductility above 2300° Fas a 
result of the rare-earth-metal addition 

The high-melting misch metal sul- 
fides (3850° F for LasS, as compared 
with the eutectic of Fe-Fes-Mns 
which melts below 2000° I) are. re- 
sponsible primarily for the improve- 
ment in properties at temperatures near 
the solidus. As the addition of misch 
metal increased there was a reduction 
in sulfur, which may also contribute to 
the improved properties, This redue- 
tion in sulfur occurred from slagging 
off some of the rare-earth sulfides in 
the melt. 

It was desirous to learn if misch metal 
was of any value other than reducing 
the sulfur content ino improving the 
properties of a simulated weld metal 
at elevated temperatures. This was 
explored by determining the high-tem- 
perature strength and ductility of two 
heats of SAK 4340. steels of approxi- 
mately the same chemical composition 
except misch metal. The test results 
are shown in Fig. 17. Heat J contained 
0.0310 sulfur originally. As a result 
of the addition of 0.3067 misch metal 
the sulfur content was reduced to 
0.014% >. Heat D is a medium-sulfur 
content simulated weld metal which 
contained no misch metal. The chem- 
ical compositions of the two heats are 
given in Table 1. A comparison of the 
mechanical properties of these two ster Is 
illustrates the beneficial effects of misch 
metal in addition to a reduction in sul- 
fur content. The most significant dil- 
ference in ductility was noted at 2600 
F. At this test temperature, the un- 
treated steel exhibited no measurable 
ductility while the treated steel ex- 
hibited 50°7 reduction in area. 
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Effect of rare-earth-metal 
ductility of SAE 4340 steel 
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The cracking resistance of the un- 
a differ- 
ence of | in. in width 
than that of the weld metal treated with 
This difference is shown 


treated weld metal was lower 


specimen 


rare earths. 
by comparing the cracking resistance 
of Heats D and J in Figs. 9 and 18 
respectively. 

The improvement in properties at 
temperatures near the solidus is related 
to the 
stee! 
misch 


mechanism. In the 
metal, the 
precipitate or 


lreezing 
treated with 
metal 


misch 
sulfides 
freeze out in the first stages of solidifi- 
cation as a result of the reduced solu- 
bility on cooling. In the untreated 
steels, the sulfides are the last to solidify 
and occur as a complex eutectic in the 
grain As oa of the 
freezing process in the untreated steel, 
it is possible that the material at the 


boundary. result 


ends of 2 eutectic film is highly stressed 
from the prior freezing and subsequent 
contraction of the grains themselves. 
This condition could restrict deforma- 
tion to a very small volume of metal and 
produce very high stress and subsequent 
fracture 
the eutectic as 
tion of the rare-earth sulfides, the due- 


tilits was improved significantly at the 


reducing the amount ol 
a result of the precipita- 


temperatures near the solidus. 

The cracking susceptibility of the 
three weld metals used in the study 
earth was determined A 
each of the 
fabricated to 


of 
experimental 
filler wire, 
which deposited in 
the restrained-weld test. The 
from the cracking tests are shown in 
Fig. IS The weld metal which con- 
tained no failed 
restraint. The weld 
produced from Heat I 
tained 3 lb ton of misch metal, with- 
stood the 


wide specimen as compared with 


portion ol 
heats was 
Wis subsequently 
results 


misch metal under 


very low metal 


which con- 
restraint offered by 


wide specimen for the untreated 

posit As the sulfur was reduced to 
0.014% by the addition of 6 Ib/ton 
of rare earths, the cracking resistance 
was increased to the extent that the 
weld deposit did not fail until a 7-in. 
wide restraint) specimen was used 
These data indicate that a low-alloy 
steel weld metal with 
normal sulfur content is susceptible to 
weld 


high-strength 
eracking when deposited as a 
metal. The resistance to cracking can 
be improved by the addition of misch 
metal. The higher the concentration 
of misch metal, the greater the im- 
although the 
maximum addition in this study was 6 
lb/ton, further improvement might be 
realized from a greater addition. 


provement in prope rties; 


Discussion of Results 

The data illustrate that the freezing- 
cycle tension test detects the effects of 
changes of chemical compositions on the 
high-temperature properties of the steel 
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simulated weld metals during cooling 
from the molten state. As expected 
the temperature at which the steels 
began to exhibit ductility on cooling 
molten state was lowered as 
From the 
iron-carbon equilibrium diagram, it Is 


from the 
the carbon content increased. 


shown that an increase In carbon con- 
tent decreases the solidus temperature. 
This trend was illustrated also from the 
properties of the steels at the high 
temperatures. Although in some cases, 
no ductility was noted until test tem- 
peratures much lower than the nominal 
solidus temperature. This decrease in 
temperature may have been caused by 
the high cooling rate which would not 
permit the carbon to diffuse uniformly 
throughout the structure. This condi- 
tion would tend to lower the solidus 
below that found under 


Since carbon 


temperature 
equilibrium conditions, 
lowered the actual solidus temperature 
one would not expect it to have much 


effect on the cracking susceptibility ol 


Heot H 

0031%S 
0.009 %P 
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Heot I 


metol 
——® Heat H 
-—-O Heat I 
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Fracture Strength, | OOO psi 


0.025%S 
0.009 %P 
0.040%C 
3 Ib/ton misch 


i weld deposit at these high tempera- 
tures as was shown by the weld-metal 
cracking tests of these low-alloy steels. 

The effects of sulfur and phosphorus 
on the high-temperature properties of 
simulated weld metals are quite dif- 
ferent than These 
residuals do not affect the measured 
solidus temperature to any great ex- 
tent: however, the ductility and strength 
properties just below the nominal solidus 
were influenced greatly by their pres- 
ence It was shown that the ductility 
and strength at temperatures near the 


those of carbon. 


solidus were lowered by an increase in 
sulfur from 0.004 to 0.036%. It should 
be noted that the maximum limit used 
in the study is below the maximum 
allowed in most of our steel procurement 
does not neces- 
sarily mean that we should improve 
but instead we should 
filler wire which 
contains a | content of these re- 
The low ductility of the steel 


specifications 


the steel plat 
consider producing 
iowel 


siduals. 
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Fig. 15 Effect of rare-earth-metal additions on fracture strength of 


SAE 4340 steel 
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containing 0.0367 sulfur appeared to 
be related to the complex eutectic 
which was primarily Fes. Apparently, 
segregation occurred near the grain 
boundary in spite of the high rate of 


2600 2400 2300 2200 2000 


cooling during the early stages of solidi- 
fication. 

The microsegregation that oceurred 
in the simulated weld metals of various 
phosphorus content is illustrated in the 
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Fig. 16 Fractured hot-tension specimens illustrating the change in ductility with 


test temperature 


photomicrographs of fractured areas 
of hot-tension specimens shown in 
Figs. 19 and 20. It may be seen 
that light etching areas are present 
adjacent to the grain boundaries of the 
prior austenitic structure. By the use 
of X-ray diffraction, this structure was 
identified as body-centered cubis 
phase with some evidence of body- 
centered tetragonal phase. It is be- 
lieved that the darkly etehed structure 
is the eutectic of Fe-FesP which melts 
at IS70° F. This mixture would re 
quire relatively high content of 
phosphorus 10.2%) however, it 
feasible that it could occur under these 
cooling conditions. This condition 
amplified by the marked tendeney for 
phosphorus to segregate 

An examination of the microstructures 
ot weld deposits made from these alloys 
showed a light etching network similar 
to that present in the tension speci- 
mens. However, the mixture which 
is believed to be the Fe-Fe.P eutectix 
Wiis Thore dispersed. 

The ductility of the allov containing 
0.039%, phosphorus was low as com- 
pared with that of weld metals of the 
same basic composition except Tor i 
lower phosphorus content. This dif- 
ference in ductility. existed over the 
temperature range from the solidus to 
1600° This temperature is lower 
than Fe-Fe,P eutectic temperature 
However, the microse gregation which 
takes place could conceivably lower thi 
actual solidus of the melt to a te mipera 
ture which corresponds with that shown 
by the duetilitv studies. 

This finding is supported by the work 
of Bishop, et al..6 who reported that 
low-melting segregates, such as. sul- 
fides and phosphides, tend to lower the 
temperatures at which liquid films may 
exist. Apparently, the amount of phos- 
phorus the  medium-phosphorus 
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Fig. 17 Comparison of high-temperature properties of rare-earth-metal treated and untreated SAE 4340 steels of equal 


sulfur content 
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0.0176; 


sufficient to 


cause a harmful amount of segregation 


alloy was not 


The detrimental effects of phosphorus 
at high 
ported in studies made of steel castings 


temperatures have been re- 


and gray-iron castings However, in 
these previous studies the 


contents of the alloy 


phosphorus 


much higher 


wer Ng 
than those used in this investigation 

The improvement ductility and 
strength of the simulated weld metals 
metal additions 
hot-tension data 
just be low 


lanthanum 


aus a result of misch 
was demonstrated b 
obtained at 


the solidus 


temperatures 
Cerlum and 
combine with sulfur to form their re 
spective sulfides, Ces, and 
The heat of formation of these sulfides 
is approximately 125,000 cal @ mole 
and —114.000 cal 
as compared with 


‘for MnsS and Fes 


g mol 
60.000 and — 23,000 
On thir 
these rare 


Sper tive ly 


al mols 


basis. one would expect 
earths to be strong desulfurizers and 


precipitate their respective — sulfides 
freezing process and serve 


nucleation As 


early in the 
as sites for result 
one would expect an increase ino nucle 
a smaller grain 


ition would ive 


size; consequently, any low-melting 
eutectir may be present would 
be more wide 

The tension 


earth-treated 


dispersed 
properties of the 
simulated weld 
during the 
those of 
The rare 


formation of eutectic sul- 


rare- 
metals 
obtained freezing evel 
were untreated 
steel at 2600° F 


prevent the 


superior to 
earth metals 


fides which is apparently the reason for 


thr Enprovement \ photomi rograpl 


of the untreated steel in the unetched 
condition is shown in Fig. 21 The nor- 
mal stringer-type inclusions are  pres- 
ent \ photomicrograph of the rare 


earth-metal treated alloy is also shown 
in Fig. 21 The treated alloy 


less inclusions and those 


eontails 
that exist are 
more spheroidal shape and mucl 
more dispersed. The freezing range of 
is less thar 
that for the untreated alloy This con- 
dition would give an improvement in 
ductility and strength at the elevated 
temperatures, 


the rare-carth-treated alloy 


The improvement in ductility of the 
allovs is demonstrated further by the 
to cracking of the 
The 
increase in proper- 
ties of the 0.014, 
rare-earth-treated weld metal as com- 


increased resistance 


rare-earth-treated weld metals. 
high-tem pe rature 


medium-sulfur 


pared with an untreated weld metal of 
the same sulfur content indicates that 
benefits other than desulfurization can 
be achieved. Sehwartzbart and Shie- 


reported an improvement in 
notch toughness of a steel as a result 
of rare-earth-metal additions. Again, 
the improvement in properties appears 
to be related to the 


structure 


freezing of the 


original cast and the type 
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The effect of rare-earth-metal additions on cracking susceptibility 


of low-phosphorus high-sulfur 4340-type weld metals 


& 
hy 


Picral plus HCI etch 

Fig. 19 Microstructure of high-phos- 

phorus SAE 4340-type weld metals. 

X 250. (Reduced by % upon re- 
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* 


Picral plus HCI etch 
Fig. 20 Microstructure of high-phos- 
phorous SAE 4340-type steel showing 
unknown phase (dark) with high-alloy 


production) area (light), X 1000. (Reduced by 
Yz upon reproduction) 
Unetched Unetched 


Stringer-type Il inclusions in untreated weld metal 
Fig. 21 
by 3 upon reproduction) 


of inclusions as was shown in. this 


study. 


Summary and Conclusions 


1. Hot cracking of a weld deposit 
is related to the ductility and strength 


Spheroidal-type inclusions as result of 6 Ib/ton 
addition of rare-earth metals 


Photomicrographs illustrating change in inclusions by addition of rare- 
earth metals to SAE 4340 weld metal containing 0.031% S. 


X 500. (Reduced 


the nominal sol- 
If the weld deposit 
is not capable of deforming and thus 


properties Just below 


idus temperature 


relieving the stresses that are present 
from contraction during cocling, failure 
willoccur, This failure is intergranular; 
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consequently, it can usually be traced 
to a eutectic mixture which is the last to 
freeze. 

2. By controlling the composition 
of the SAE 4340 weld-metal, sound 
crack-free welds may be deposited 
under restrained conditions. This will 
permit the fabrication of welded as- 
semblies which may be heat treated to 
ultra-high-strength levels of 280,000 
psi. This accomplishment will be of 
immediate value to the aircraft and 
missile programs. 

3. The freezing-cycle hot-tension 
test is capable of detecting differences 
in the properties of alloys having small 
changes in composition. The cooling 
rate that exists in the tension speci- 
men approaches the rate that occurs in 
a weld deposit. The high cooling rate 
is necessary in order to study the det- 
rimental effects that occur from segre- 
gation during cooling from the liquid 
phase. By knowing the mechanical 
properties of an alloy over a range of 
test temperature, one may predict the 
constituents that are responsible for 
the low mechanical properties. 

4. The results from the freezing- 
cycle hot-tension test compare quite 
favorably with those of the restrained 
weld test used to evaluate the cracking 
susceptibility of the weld metals. 
Alloys which exhibited low ductility 
and strength properties were also sus- 
ceptible to cracking under restraint. 
If good properties were obtained from 
the freezing-cycle tension test, sound 


welds were deposited. 

5. As the carbon content of the SAE 
43XX steel was increased from 0.20 
to 0.59%, only a small decrease in re- 
sistance to hot-cracking noted, 
provided the sulfur and phosphorus 
contents were maintained at a low level. 


6. An increase of sulfur from 0.004 
to 0.036% in SAE 4340 steel weld 
metals resulted in a decrease in strength 
and ductility at subsolidus tempera- 
tures. These low properties were also 
illustrated by the decrease in cracking 
resistance with increased sulfur con- 
tent. 

7. An increase in phosphorus from 
0.004 to 0.017% had little effect on the 
high-temperature properties of an SAE 
4340 steel. However, a further in- 
crease to 0.039°% phosphorus resulted 
in a very pronounced decrease in 
strength and ductility at temperatures 
near the solidus. These low properties 
of the high-phosphorus weld metal were 
responsible for the very poor cracking 
resistance. Although this content of 
phosphorus is within the normal speci- 
fication for aircraft-quality steels, it 
should be reduced if sound welds are 
to be made. During freezing, there was 
a segregation of phosphorus which ap- 
peared to exist in the alloy as the 
Fe-Fe;P eutectic, which has a melting 
point of 1870° F. Fractures in the 
tension specimens and weld deposits 
were intergranular and tended to pass 
through the eutectic films. 

8. The addition of 3 lb ton of misch 
metal to a normal sulfur (0.037) heat 
of SAE 4340 steel improved the due- 
tility and strength near the solidus. 
This addition reduced the sulfur con- 
tent to 0.025°%. An addition of 6 
lb/ton of misch metal resulted in a 
further improvement in properties by 
lowering the sulfur content to 0.014%. 
The improvement was not only brought 
about by a reduction in sulfur, but a 
more favorable type of inclusion was 
formed. Type IT inclusions existed in 
the 0.031°7 sulfur steel; whereas the 
more favorable spheroidal types were 


present in the steel containing the 
misch metal. A comparison of the 
high-temperature properties of two 
steels of equal sulfur content, one of 
which showed that the treated steel ex- 
hibited the better ductility properties at 
temperature just below the solidus. 
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Vacuum-Fusion Analysis for Oxygen 
in Titanium. W. R. Hansen, M. W. 
Mallett, and M. J. Trzeciak, Titanium 
Metallurgical Laboratory, Battelle 
Memorial Institute. December 1957. 
28 pages. (Order PB 121638 from 
OTS, U. 8. Department of Commerce, 
Washington 25, D. C., 75 cents.) The 
platinum-bath technique of vacuum-fu- 
sion analysis was found not to be repro- 
ducible in the determination of oxygen 
in titanium. However, a new tech- 
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nique, platinum flux, and the dry-cruci- 
ble technique both appeared capable of 
recovering at least 927 of the oxygen 
in unalloyed titanium. Average oxy- 
gen recovery from Ti-6AI-4V alloy was 
93° by both methods. Studies on the 
reproducibility of analytical values 
made on Ti-SMn, Ti-2Fe-2Cr-2Mo 
and Ti-5A1-—2.5S8n indicated that satis- 
factory results could be obtained by 
both techniques. 


Columbium Rather Than 
Niobium? 


In a recent decision by the board of 
directors of the American Institute of 
Mining, Metallurgical, and Petroleum 
Engineers, the word “niobium’’ was 
officially dropped from the technical 


vocabulary of the 30,000-member AIME 
body. “Columbium” thereby be- 
comes the sole word to describe the 
lustrous, steel-gray metallic element 
which has become increasingly 
portant in such high-temperature ap- 
plications as nuclear reactors and jet 
engines, 

The origin of the two words was the 
main reason for the AIME. decision. 
On Nov. 26, 1801 in London, Prof. 
Charles Hatchett read a paper enti- 
tled, “An Analysis of a Mineral Sub- 
stance from North America Containing 
a Metal Hitherto Unknown,” before 
the Roval Society. The element was 
actually discovered in Massachusetts 
and its original name, ‘“‘columbium,” 
was used to identify the fact that the 
discovery was made in this country. 


(Continued on page 498-s) 
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METALLURGY OF BONDING IN BRAZED JOINTS 


PART I—BASE METAL-FILLER METAL INTERACTION, 


EXCLUDING COMPOUND FORMATION 


The dissolving of the base metal in the 


molten filler metal and the structure of the 


solidified filler metal are among the metallurgical 


considerations discussed by the authors 


BY NIKOLAJS BREDZS AND HARRY SCHWARTZBART 


ABSTRACT The paper describes a study 
of the solution of steel base metal in 
various filler metals during brazing and 
the solidification characteristics of the 
laver in the brazed joint. It 
was shown that in the induction brazing 
of steel with various copper and silver- 


filler-metal 


base br allovs characteristic fea- 
ture is the rapnd dissolving of the base 
metal in the molten filler metal, and the 
precipitation of excess dissolved base metal 
within the | laver 


metal-filler metal intertace 


ind on the buse 
during solidi- 
fication. The effects of brazing tempera- 
ture, filler-metal composition and carbor 
content of the base metal were investi- 
gated 


Introduction 


Some of the present commercial sold 


and brazing allovs have been in use 
Recently, Lit 
published a comprehensive histor) 
soldering and brazing. He states that 
the oldest known samples of brazed 


thousands of years. 


metal objects are the gold vases and 
plates obtained by archeological expedi 
tions from the tomb of Queen Shubad in 
Sumeria, in the lower Kuphrates valley. 
(Jueen Shubad lived about 3200) B.A 
Pliny (62-113 A.p.) discussed) various 
solder compositions. For instance, his 
stannum tertiarium” is quite similar 
to the ASTM Standard solder 385A. and 
his “‘stannum argentarium” is very simi- 
lar to our Standard solder 504A The 
first allov was recommended for the 
soldering of lead articles and the second 
for soldering of bronze and silver; even 


Nikolajs Bredzs and Harry Schwartzbart are as 
sociated with the Metals Research Department 
Armour Research Foundation of Illinois Institut 
of Technology, Chicago, Il 

Paper presented at the 1958 AWS Ann al Spring 
Meeting held in St. Louis, Mo., April 14-18 
Succeeding parts will deal with the diffusion of 
filler metal into base metal and the role of inter 
metallic compound formation in brazed Joints 
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today these recommendations are still 
valid. 

From the Middle Ages, Liider quotes 
some work of the monk Theophilius who 
dese ribes a brazing alloy whi h can be 
made by alloy Ing silver and copper chips 
in the ratio of 2:1. Apparently The- 
ophilius knew that this composition, 
which is surprisingly ¢ lose to the eutectic 
28% Cu 


composition (72% Ag has a 


very low melting point. 

In contrast to the long use of brazing, 
its theory has been studied and de- 
veloped only within the last twenty to 
thirty vears. The development of many 
preceded 
knowledge of physical metallurgy and 
British 
Standard 206 in 1924 was concerned 


commercial brazing alloys 


phase diagrams. For instance, 
with ternary brazing alloys of silver, 
copper and zine. However, it was not 
until 1929 that Ueno? investigated verti- 
cal sections of the Ag-Cu-Zn diagram at 
Later, 
Keinert® rearranged Ueno’s diagrams to 


constant silver and zine values. 


conform with the basic phase rules. 
Finally, in 1954 Weigert* published an 
improved Ag-Cu-Zn phase diagram as 
well as mechanical properties and den- 
sity as a function of composition. 

The development of Ag-Cu-P brazing 
alloys follows a similar pattern. The 
first ternary Ag-Cu-P brazing alloys 
were introduced by Leach around 1932. 
In this first year Moser, Froehlich and 
taub® published the first investigation 
of the Ag-Cu-P phase diagram. How- 
ever, it was not until 1956 that Weigert® 
published an extensive study of the 
Ag-Cu-P phase diagram and an investi- 
gation of the mechanical properties of 
various alloys in this system. 


Additional work has been done within 
the past few years’~” on the determina- 
tion of phase diagrams and mechanical 
properties as they relate to brazing-alloy 
development. Although this type of 
study is an important requisite to the in- 
telligent formulation of brazing alloys, 
it must be borne in mind that the com- 
position and properties (liquidus and 
solidus temperatures, strength and duc- 
tility) of the filler metal in the joint are 
modified during brazing by metallurgical 
interactions between base metal and 
filler metal. Such interactions may 
take the following forms: the liquid filler 
metal may dissolve base metal; the filler 
metal, or constituents thereof, may dif- 
fuse into the base metal by intergranular 
penetration or intracrystalline bulk dif- 
fusion: the filler metal, or constituents 
thereof, may react with oxides on the 
base-metal surfaces to form slag prod- 
compounds may 
metal-base metal 


ucts intermetallic 
form at the filler 
interface. Furthermore, the structure 
of the solidified filler metal affects the 
properties ol th joint. 

The present paper is concerned with 
two aspects of the above-discussed met- 
allurgical considerations, namely, the 
dissolving of the base metal in the mol- 
ten filler metal, and the structure of the 
solidified filler metal. (Studies of other 
metallurgical effects will be presented in 
later papers.) These phenomena were 
investigated by means of metallography 
and chemical analysis of brazed joints 
and were studied in greater detail than 
in previous works, 


Experimental Program 
By far the largest part of all brazing is 
done with copper-base, or copper-bear- 
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Fig. 1 


ing, brazing allovs. This Is ohe reason 
for the decision to initiate the present 
program using copper as the filler metal. 
Plain-carbon steel was chosen as the base 
metal. Most of the results presented 
are for this combination, although a 
number of the BAg allovs and BCuZn 
alloys were also investigated. 

The use of copper as filler metal and 
plain-carbon steel for this investigation 
has other interesting advantages. Aec- 
cording to the Fe-Cu diagram," in the 
practical brazing-temperature range for 
pure copper (2000-2100° F), about 3 to 
1°% iron is dissolved in the molten cop- 
per (Fig. 1), and the solid y-iron in the 
same temperature range can dissolve 7 
tos”, copper The fact that the mutual 
solubility of the two metals—Fe and 
Cu—is comparatively small is especially 
advantageous for a systematic study of 
the diffusion processes in brazed joints. 
In the case of a comple te solubility, the 
interface between the two metals would 
disappear rapidly during the brazing 
process. Instead of a sharp interface 
between the two metals, an uninterrupted 
zone of lavers of continuously changing 
composition would result 

With a limited solubility of the two 
metals. however quite small amounts 
of the filler metal will diffuse through the 
base metal-filler metal interface into the 
solid base metal, and, in the opposite di- 
rection, somewhat larger amounts of the 
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Diagram of the copper-iron system 
(From “Copper, The Metal, Its Alloys And Compounds,"’ by Allison Butts, New York 
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1954, Page 471) 
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A = SPECIMEN HALF-BARS, B-WATER-COOLED INDUCTION COIL, C-SPACING 
SCREWS, O-TRANSITE BEARINGS, J-GLASS JAR, S-SPRINGS FOR COMPENSATION 
OF THERMAL EXPANSION, T-GAS INLET TUBE, V¥-VYCOR GLASS TUBE FOR 
SUPPLY OF FILLER METAL WIRE, W-FILLER METAL WIRE 


Fig. 2 


base metal will diffuse into the molten 
filler metal. Aftera certain time, a very 
thin laver of the base metal adjacent to 
the base metal-filler metal interface will 
be saturated with the filler metal. Si- 
multaneously, on the opposite side of 
this interface, the filler metal will be 
saturated with the base metal. How- 
ever, since the mutual solubility of the 
two metals is limited, the base metal- 
filler metal interface will not disappear 


Induction-heating apparatus for brazing tensile specimen 


and will remain as a sharp dividing plane 
between the two metals. Thus, in a 
case of limited solubility, the specifie 
mechanism of the various diffusion 
processes in the brazed joints can be 
studied more conveniently than in a 
case of unlimited solubility. 

All the brazing on this program was 
done on the apparatus described in Fig. 
2. Heating was by induction, and the 


brazing atmosphere was 90°) Ne — 10% 
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Etchant: 2% nital 


Fig. 3. Copper-brazed joint in low- 
carbon steel (SAE 1020). The precip- 
itated iron dendrites can be readily 
recognized in the center and the left 
portion of the filler-metal layer. (Re- 
duced by ! » upon reproduction) 


H Joints were of the butt tvpe in 
No flux other t} il 


the reducing atmosphere was utilized 


i ith bars 


Additional details of the brazing ap- 
paratus and procedure have been pre- 
sented earlier. 
Metallographic Studies 

Mild steel (SAE1020) and drill-rod 
(1% 
graphic study. The 


bars were brazed for metallo- 


brazing evecle was 
rapid requiring approximate 2 min to 
comy lete The 
was estimated to be 


brazing temperature 
approximate] 
2050 | According to the 
phase diagram (Fig. 1) molten copper 
ean dissoly 


2050° | 


cooled in air, 


vea maximum of 3.707) Fe at 
After brazing. the bars wert 
longi- 


sections d 


Cross 


tudinalls ind polished = for metallo- 
graphic examination 

The photomicrogr iphs of Figs 3 
tively the 


itation of excess iron from. the 


through show ( precip- 


satu- 
rated solution which apparently took 


ooling period. Figure 


place during the « 


3 shows 4 cross section through a copper- 
brazed joint in SAE LO2O steel 
$f shows a cross section of a copper- 


In the case of 


Figure 


brazed joint in drill rod 


Etchant: 2% nital X 1000 


Fig.6 Enlarged photomicrograph of a 
dendrite inclusion in the filler-metal 
layer shown in Fig. 4. (Reduced by 
60% upon reproduction) 
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Etchant: 2% nital X 150 


Fig. 4 Copper-brazed joint in drill 
rod. The precipitated iron dendrites 
can be easily recognized in the filler- 
metal layer as well as on the steel- 
filler metal interface. (Reduced by 
upon reproduction) 


rod (Fig. 4 hicl 
is brazed a ed under exactly the 
Sale s the copper joint in 
ow-carbon steel (Fig. 3), the precipita- 
tion Of excess iron is even mor dent 
than in the cease of low-carbon steel, es- 
pecially on steelcopper interface 


Since the brazing temperature in both 
cases Was approximately equal the dif- 
ipitation mechanisms 
presented in Figs. 3 and 4 ean be ex- 
plained by the facet that in the case of 
drill rod (1.067 ( larger amounts otf car- 
bon have been dissolved in the molten 
oppel that n the case of low-« irbon 
stee] 0.20% ( Presumably the 


copper-ri h portion of the Cu-Fe binary 


phiase diagrat Fig Is considerably 
iltered b neressing the carbon content 
of the pertinent Cu-Fe allovs Un- 
fortunate! t! 


the ternary ¢ 


copper-rich portion of 
Cu-Fe diagram has never 
therefore, the inter- 


microstructures of the 


been mvestignt 
pretation of the 
copper-br oints in carbon steels ts 
rather difficult 

Figures 5 through S show the precipi- 


tated iro ndrites on the drill rod-cop- 


X 1000 
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Fig.7 Enlarged photomicrograph of a 
dendrite inclusion precipitated in the 
filler metal shown in Fig 4. (Reduced 
by ' » upon reproduction) 
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Fig. 5 Steel-filler metal interface of 
the brazed joint shown in Fig. 4. 
Base metal: drill rod (1.0% C). 
Filler metal: pure copper. The pearl- 
itic structure of the precipitated den- 
drite layer can easily be recognized. 
(Reduced by upon reproduction) 


per interfaces as well as in the filler 
metal itsel! ul 


i higher magnification 
1000 and 


2000 The pearlitic 


structure of these dendrites indicates 
that bv dissolving the 1°) carbon steel in 
molten copper, not only was the iron 
LISS a ) r, but also the carbon 

is present in the dissolved steel 


rs. This carbon precipitated to- 
t form of austenite, 
cooling, Was trans- 


Closer inspection of Fig. 5 permits one 
Various processes 
iquid-copper layer 
nd cooling periods of 
horizontal 
visible which is be- 


the brazement First! 
ine of demarcation Is 


| to be the liquid-solid interface at 


brazing temperature Below this line 
was solid d rod, and above it are the 
iron dendrites which precipitated on the 


interface during freezing. Observe also 
that throughout the copper filler layer, 
lendrites, a fine pepper 
structure is visible (Figs. 6, 7 and 8). 
This pepper structure could be carbon or 


iron: which it is, has not been resolved. 


Etchant: 2% nital X 2000 


Fig. 8 Enlarged photomicrograph of 
some dendrites precipitated on the 
steel-filler metal interface shown in Fig. 
4, (Reduced by ' » upon reproduction) 
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The precipitated iron dendrites, which 
are pearlitic in structure, etch darker 
from the solid-liquid interface upward. 
Whether this reflects a difference in 
ferrite-cementite ratio, or is simply an 
etching effect with no change in struc- 
ture, has also not been resolved. These 
precipitated iron dendrites must be sat- 
urated with copper 

Assume that the maximum tempera- 
ture of the molten copper in the brazed 
joint was about 2050° F. According to 
the Cu-Fe phase diagram (Fig. 1), the 
molten copper at 2050° F can dissolve a 
maximum of 3.70% Fe. Since the carbon 
content of the drill rod is roughly 1.0°%, 
and all the carbon dissolved in the 
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Fig. 9 Copper-brazed joint in SAE 
1020 steel. The precipitated, black- 
colored iron dendrites which are sat- 
urated with copper, can be readily 
recognized in the filler-metal layer as 
well as on the steel-filler metal inter- 
face. Filler metal: pure copper. 
Brazing temperature: 2300° F. (Re- 
duced by | , upon reproduction) 


a — Longitudinal cross section 


Fig. 10 Enlarged cross section through a copper-brazed joint (4: 1) 


liquid filler-metal laver can be ob- 
tained only from the dissolved. steel 
lavers, it is quite obvious that the maxi- 
mum concentration of carbon in the mol- 
ten filler metal at 2050° F cannot ex- 
ceed (10 3.7)/100, i.e.. 0.037¢ 4 
Assuming that the brazing time at 2050 
F is sufficiently long for a complete satu- 
ration of the molten copper with iron 
(and also carbon), the following compo- 
sition of the liquid filler metal at 2050 
F will result: 96.263°% Cu, 3.7°% Fe 
0.037% C. 

According to the binary C-Cu phase 
diagram,'® pure copper at 2050° F ean 
dissolve a maximum of 0.0002°, C 
The fact that the precipitated dendrites 
of Fig. 5 are pearlitic, and, in fact, are 
not much different in structure from the 
base metal, indicates that the carbon dis- 
solved in the copper approached 0.037, 
or, at least, was much higher than 
0.0002° . The difference in carbon con- 
tent between the base metal and the pre- 
cipitated iron dendrites may be ac- 
counted for in the fine pepper structure 
in the copper matrix. Consequently, it 
may be concluded that molten copper 
containing 3.7°7% Fe can dissolve much 
more carbon than pure copper at 2050 
F. If the copper had, in fact, dissolved 
only 0.000207 and the undissolved 
carbon was distributed throughout the 
copper as a second phase, one might eX- 
pect the precipitated iron dendrites to be 
much higher in ferrite content. 

It should be noted that in attempting 
to rationalize the metallographic struc- 
tures, reference is made to equilibrium 
phase diagrams. Conditions in these 
induction-brazed joints were far from 
equilibrium ; and to the extent that this 
is so, the proposed rationalizations may 
be less valid. However, the interesting 


b. 


b — Cross section perpendicular to the axis of the brazed bars 
W — Spacer wires for maintaining a uniform joint thickness 


ACDB — The filling groove 


CEFD — The section of the capillary where an appreciable increase of the joint thickness could be 
observed. The increase of the gap thickness in this part of the joint apparently is caused 


by dissolving of iron by molten copper during the flow into the capillary cap 


metallographic results are strong 
temptation to offer some explanation. 

In order to illustrate the effect of the 
extent of solution of base metal in filler 
metal on the structure of the solidified 
joint, a mild-steel brazement was heated 
for 5 min at 2300° F after brazing. The 
result is shown in Fig. 9. More iron has 
been dissolved in the filler metal at 
2300° F than at 2050° F; consequently, 
there are more iron dendrites in this 
joint than in a normal copper joint 
brazed at 2050° F. 

Metallographic examination of cop- 
per-brazed joints in carbon steels has 
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Fig. 11 Photomicrographs of a cop- 
per-brazed joint. The picture above 
is a photomicrograph (X 150) of the 
upper part of the joint shown in the 
picture below 
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provided ample evidence that the solu- 
tion rate of solid steel in liquid copper at 
brazing temperatures is rapid. In an 
induction-brazing evele which takes no 

“amounts of 


stee] 


more than 2 or 3 min, large 
iron dendrites precipitated on the 
surfaces as well as in the filler metal be- 
rapid saturation of filler 


metal at the 


cause of the 
metal with 
temperature 


brazing 


hase 


Erosion of the Capillary Gap 
During Filling 


Careful metallographic investigation 


revealed another interesting phenom 


enon During the period of filling of the 


capillary gap, the molten copper dis 
omes satu- 


hot- 
under the 


solves so muecl iron that it her 
hes the 


ron lore 


rated witl 


tom of the gap Therefore 


it rene 


polished « etions of 


microscope the 
the brazed 


joints appear wedge-shaped 


in the upper part of the gap, whereas, in 
the center and in the lower part of the 
gap no cl ge im the thickness car 
be observed In the lower part of the 
capillary gap, which is the last portion of 
the gap to be filled with molten copper, 
the jomt thickness appears quite un 


form, and both base metal-filler metal 
parallel 


illustrate the phe- 


complete 


interiuces are 
Figures 10 and 11 


nomenon of the widening of the capillary 
gap in the upper part of the joint and 
also show the experimental se tup used 


this phenomenon 
of the 


for reproduction ol 
As Fig. 10 shows, the 
width of the capillary 


uniformity 
gap is maintamec 


by the two spacer wires, W, places 
symmetrically against the vertical axis 
of the joint in the left and the right part 
of the gap. Figure 2 shows two screws 


C, which exert a 
the ends of the 
polished end surfaces of the | 
Lune 
thickness of the 


concentric pressure on 
steel bars and press the 
ars agaist 
the spacer wires to this arrange- 
ment, the apillary gap 
is quite constant throughout the 
section of the 


entire 


oint and. conse- 


cTOss 


quently, the effect of dissolving the iron 
in the upper part of the joint can be ob- 
served very conveniently without am 
disturbing interferences 

The 
Fig 


polished and etched longitudinal cross 


comprising 


photomicrographs 
11 show this phenomenon on the 


section of a coppe r-brazed drill-rod bar 
The photomicrograph (a) shows the 


The gradual ( 


up- 


per part of the joint e- 
crease of the joint thickness in the di- 
rection of the flow of the molten filler 
metal is quite evident. The second 
photomi rograph b) shows the entire 
cross section of the joint. In the 
part of the joint, both lines indicating 
the two interfaces are completely paral- 
lel and the thickness of the joint is quite 
constant. 


lowe I 


Chemical Composition of the 
Solidified Filler Metal 


To support the belief that the molten 


NOVEMBER 1958 


Table 1—Ilron Content of Filler Metal in Brazed Joints 0.015 in. Thick 


Joints Brazed at 50 to 100 


Brazine Vominal con position of 
1a Cu Zn 

BAg-1 15 15 16 

BAg-3 50 15.5 15.5 

BAg-5 0) 25 

BAg-7 jb 22 17 

BAg-S 72 

BAg-Mn 

Pure Cu 100 

B Cu-Zn 2 57 11.5 

B ¢ 1-Zn 52 5 5 

B Cu-Zn 5 61.5 3.5 

B Cu-Zn ¢ is 


F above Liquidus Temperat ire 


Base Metal-1020 Steel) 


Fe content of filler 


Vetal, 
oy, Before After 
Other brazing hrazina 
Cd-24 0 O02 1.48 
Ni-3 Cd-16 0 048 0.55 
0 O22 >. 9 
Sn-5 0 OO] 1.11 
0 OOS 0 48 
Min-15 0 030 3. 28 
0 000 1.70 
Sn-1 0 040 2 00 
Others-O0. 5 
0 O70 2 34 
(others-1 0 
Sn -4.0 0 050 3.42 
()thers-O. 5 
Ni-10 0 O11 $03 


mes saturated with base 


joint 


filler metal bec 


metal during the brazing evecle, a 


was chemically analvzed for iron. This 
joint was 0.015 in. thick, and consisted 
of drill-rod base metal and copper filler 
metal. Heating was by induction, with 
is short a brazing evele as possible. As 


fille d the 
current 


soon as the molten 


joint, the h 
turned off 


copper 
igh-frequene was 
The 


was in the 


copper in the capillary 


molten state onlv for 


gap 
about 1 to 2 min 


fractured through 


Subsequently, the 
the 
half-bars were obtained 
Both half-bars 


brazed bars were 
joint so that two 
braze (| bar 


from eacl 


had a filler-metal laver on the end sur- 
These half-bars were set up in a 
lathe, and a series of circumferential 
slices, approximately 0.0015 in. thick 
were carefull machined off and the 


hips collected in separate envel 


As soon 


steel] surface, the 


lopes 
is the cutting tool touched the 


eutting process Was In- 


terrupted and the chips obtained from 
the last slice discarded All the filler- 
metal chips obtained from one brazed 
joint (i from both half-bars) were 


combined in one average sample for 
chemi alans 


Th 


metal chips obtained from the 


filler- 
copper- 


chemical analvsis of the 


this sampling method 
The photomicro- 


brazed joint by 
averaged 4.7° Fe. 
graphs show appre iable amounts of iron 


the drill 
precipita- 


precipitated 
rod-coppet The 
tion on the steel-copper interface takes 


dendrites 
interface. 
place during the cooling period. Since 
these iron dendrites were not included 
in the filler-metal chips analyzed, the 
of iron dissolved in 


actual percentage 


the copper was actually higher than 
1.7%, and, in fact, exceeded the sol- 
ubility of iron in copper at 2050° F 
shown by the binary Fe-Cu_ phase 
diagram, In any event, it has con- 


clusively been shown, by metallography 
and chemical analysis, that the satura- 


with iron during brazing 


ion Oppel 


8 a rapid process 


Solution of Base Metal 
by Other Filler Metals 

To determine if the saturation of 
filler metal with base metal is as rapid 
for filler metals other than copper as it 
mild-steel 


Ss lor copper a series ol 

bars were brazed with several silver 
ind copper-base alloys. Joints 0.015 
n. thick were induction brazed and 
chemically analyzed for iron as de- 


scribed above. The brazing temper- 
ature was from 50 to 100° F above the 
quidus temperature, 


TI presented in Table 
that all the filler 
investigated dissolved some 

etal, even in the short time of 

| to 3 min required to make the braze- 

The metal 

varied with composition of 

The variation in brazing 

temperature (each filler metal having 


resuits are 


seen 
base 
base 


ments amount ol 


been used at its brazing temperature) 
also affected the amount of base metal 
dissolved 

Metallographic examination showed 
that, in some but not all cases, excess 
iron precipitated out within the filler 


disk or on the base metal-filler metal 
intertace 

The amount of iron precipitating out 
solidification is sensitive to 
slower cooling rates al- 
lowing precipitation 
from. the Thus, one 
would expect greater precipitation of 
excess metal in furnace-brazed 
joints than in induction-brazed joints. 


during 
cooling rate 


] 


more time flor 


supersaturation. 


base 


Discussion 

In view of the above results, it might 
be possible to suggest that solution of 
the base metal in the filler metal and 
subsequent precipitation of excess base 
metal from supersaturation is a rather 


phenomenon occurring in 


universal 
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hy 
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brazed joints. Even in those cases in 
which precipitated base metal dendrites 
are not visible on the base-metal-filler 
metal interface under ordinary magnifi- 
cation, such dendrites may be very 
small and not resolvable. The precipi- 
tation of base-metal dendrites occurs 
because ol the decreasing solubilits of 
the base metal in the filler metal with 
decreasing temperature. Going even 
further, in the brazing of iron with pure 
silver, the very slight solubility of iron 
in silver (about O.0004°7 at brazing 
temperatures) might lead to the pre- 
cipitation of iron dendrites on the 
silver-iron interface which are not 
re solvable 

In any event, it has been shown that, 
for a series of copper and silver alloys, 
the steel base metal dissolves in’ the 
filler metal rapidly. In some cases 
the filler metal becomes saturated with 
the base metal even before it completely 
fills the capillary gap. The solidified 
filler metal in the capillarv gap will 
have a different chemical composition, 
different mechanical properties and 
different solidus and liquidus temper- 
atures than had the original filler metal. 

The solution of base metal in filler 
metal raises the question of the signifi- 
cance of surface roughness the 
capillary gap during brazing. The 
solution of base metal will smooth out 
such roughness, vielding a smoother 
base metal-filler metal interface than 
possessed by the original base metal. 
However, where the capillary to be 
filled is long and the filler metal be- 
comes saturated during flow, the last 
part of the capillary to be filled may not 
he altered in roughness. 


Summary 

It has been shown that in the in- 
duction brazing (a l- to 2-min brazing 
evele) of mild steel and drill rod with 
copper and several copper- and silver- 
base brazing alloys, the filler metal 
dissolves up to 4.7% iron, which then 
may precipitate out of supersaturation 
in the form of dendrites within the 
filler-metal laver or on the base metal- 
filler metal interface. The amount of 
base metal dissolved (1) increases with 
increasing temperature, giving a greater 
amount of precipitated iron during so- 
lidification, and (2) varies with filler- 
metal composition. Metallographic in- 
vestigation has shown that the carbon 
content of the steel base metal affects 
the precipitation of iron dendrites; a 
greater number of precipitated iron 
dendrites are obtained in brazing drill 
rod with copper than in brazing mild 
steel with copper. 

It is hypothesized that the saturation 
of the filler metal with base metal 
during brazing, and the subsequent 
precipitation of excess base metal 
within the filler-metal laver or on the 
base metal-filler metal interface, may 
be a universal phenomenon in brazing. 
The precipitation of excess dissolved 
base metal during solidification of the 
filler-metal Jayver is based upon the 
fact of decreasing solubility with de- 
creasing temperature. Where such pre- 
cipitated dendrites are not metallo- 
graphically visible, it might be argued 
that they are too minute to be resolved. 
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Continued from page 492-s 
Professor Hatchett and his colleagues 
were aware of the importance that in- 
habitants of the United States attached 
in these early days to the custom of 
attaching derivatives of Columbus’ 
name to such matters of scientific 
achievement 

The real confusion began in 1802 
when Ekeberg of Sweden discovered an 
element he called tantalum. It was 
reported, erroneously, to be identical 
with columbium. The mistake as to 
columbium and tantalum flourished over 
four decades. Then H. Rose, in the 
Chemical Gazette, London, after re- 
searches on columbite, reported that 
the mineral contained what he thought 
was a new metal. And according to 
the Journal of Metals: “By the time it 


was realized that Hatehett’s colum- 
bium was not Ekeberg’s tantalum, but, 
rather, Rose’s niobium, usage had given 
niobium something to an advantage; 
reductio ad absurdum.” 

And therein lies the reasoning behind 
the AIME’s decision to abandon the 
word “niobium.” 


High-Strength Steel 


Status of High-Strength Steels for the 
Aircraft. Industry. R. J. Nekervis, 
C. H. Lund, and A. ML. Hall, Titanium 
Metallurgical Laboratory, Battelle 
Memorial Institute. January 1958. 
106 pages. (Order PB 121639) from 
OTS, U.S. Department of Commerce, 
Washington 25, D. ©., $2.75.) In- 
creased interest in steels shown by air- 
craft and missile manufacturers 
prompted this study of the status of 
steel in the industry. Information is 
given on the kinds of steel available, 
the kinds in use, their properties, the 
aircraft and missile manufacturers’ re- 
quirements and new developments in 


steel of potential interest to the aircraft 
and missile industry. Emphasis is 
placed on sheet steel for use in airframes, 
but other forms such as bar stock and 
forgings were also studied. Some non- 


airframe applications are also discussed. 


High-Temperature Materials 
Thermal Properties of High Tempera- 
ture Materials. 1. B. Fieldhouse, J.C. 
Hedge, Lang, and T. Waterman, 
Armour Research Foundation forW right 
Air Development Center, U. S. Air 
Foree. 87 pages. (Order PB 131718 
from OTS, U. 8. Department of Com- 
merce, Washington 25, D. C., $2.25.) 
This work was intended to augment 
limited literature on high-tempera- 
ture physical properties of a num- 
ber of aireraft) structural materials. 
Materials investigated were Hastelloy 
B, Hastelloy C, Stellite 21, stainless 
steel Type 17-7 PH, stainless steel 
Type 446, silicon carbide, 60-15 chro- 
mium (ASTM) BS83-46) and beryllium. 


(Continued on page 506-8) 
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DEVELOPMENT OF METHODS FOR 
END CAPPING PWR FUEL ELEMENTS 


Satisfactory bonds are produced by the authors using a 


medium-capacily spot-welding machine for resistance-upset 


welding under vacuum, bul corrosion behavior of 


joints is nol consistently acceptable 


BY JULIUS J. VAGI AND DAVID C. MARTIN 


ABSTRACT \ program to develop 
methods for sealing the ends of Zirealoy- 
2-clad, uranium 12 weight percent molyb- 
denum-cored fuel rods was undertaken for 
WAPD.. This paper describes work done 
using a medium-capacity  spot-welding 
machine for resistance-upset welding under 
vacuum Outward upset ol hot plastic 
metal was limited by means of glass- 
lined steel backings around the parts dur- 
ing the welding operation 

Visual examinations of fractured joints 
and metallographic examinations of longi- 
tudinal sections indicated that fuel rod-to- 
cap bonds were good Corrosion tests, 
chemical analyses and detailed metallo- 
graphic examinations were used in further 
evaluation of cladding-to-cap bonds to 
determine consistency of quality obtained 
in a large number of welded samples 


Introduction 
A development) program under- 
taken for WAPD* to deve lop methods 
for sealing the ends of metallic-cored fuel 
rods for a pressurized water reactor. 
The fuel rod was a coextruded rod con- 
sisting of a ') yin. diam uranium-12 
w/o molybdenum core with a 0.030- 
in. thick Zirealoy-2 cladding. Jecause 
the clad rod was coextruded and then 
cut to suitable length for further proc- 
essing, it was necessary to seal the ends 
by welding Zirealoy-2 end caps to the 
ends of each rod. A sound weld in the 
Zircaloy-2 was necessary to insure pro- 
tection of the core alloy from attack by 
the reactor coolant which was 600° F 
water. Other requirements of the end 
seal weld were that the fuel rod-to-cap 
weld should not contain voids or un- 
bonded areas and that upsetting of the 
core should be held to a minimum, 
Preliminary welding tests indicated 
that resistance-upset welding offered 
some promise for making the desired 
weld. The special fixturing developed 


Julius J. Vagi is a welding engineer and David 
C. Martin is a consultant at the Metals Joining 
Division of Battelle Memorial Institute, Co- 
lumbus, Ohio 

* Westinghouse Atomic Power Division 
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for making fuel rod-to-cap welds, weld- 


ing tests and results obtained during the 
program conducted in 1954-55T are de- 
scribed in the following sections of this 


paper. 


Resistance-Upset Welding Tests 
Preliminary tests made to determing 
whether joint preparation signi- 
ficant effects on the consistency of 
resistance-upset welds indicated that 
machining on a lathe followed by pick- 


+ Publication delayed for declassificatior 


La Electrode holder 


3 


nut 
4 
Zircaloy 2 


3 


| 


} Positioning screw 


$ 


$j 


Electrode holder 


Fig. 1 Collet electrodes for re- 
sistance-upset welding in air using a 
medium-capacity spot-welding ma- 
chine 


i wus the most suitable method. 
Other surface preparations used were 


6. Grinding 

4, Machining and wire brushing. 

5. Machining, pickling and wire brush- 
Ing 

6. Machining and shotblasting. 

7. Machining, shotblasting, pickling 


ind wire brushing. 


Filed surfaces generally were uneven 


—~Positioner 
iit O-ring 
line Seal ring 
Seal-ring clamp 
Back-up rod 
| 
clamp 
Electrode 
plit collet 
Fuel rod 
3 vacuum chamber 
Collet nut 
= Bald Zircaloy 2 end cap 
hit Collet 


Position screw 


To vacuum pump ~« | 


Threaded hole for 
thermocouple gage 


Electrode noider 


Fig. 2 Collet electrodes and chamber 
for resistance-upset welding in vacuum 
using a medium-capacity spot-welding 
machine 
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and resulted in nonuniform interfacial 
contact between the parts. Polishing 
and grinding provided satisfactory sur- 
faces for welding but offered no im- 
provement with respect to machined 
and pickled surfaces. Wire brushing 
produced rounded edges and was un- 
satisiactory. Shotblasted surfaces were 
explored to determine whether the re- 
sulting surface would give improved 
results by providing large numbers of 
contacts offering higher localized current 
densities, thereby producing higher lo- 
calized temperatures at the weld inter- 
faces; no improvements in welds were 
observed when this method was used. 

The machine used was a 50-kva single- 
phase medium-capacity spot-welding 
machine adapted for resistance-upset 
welding. The spot-welding machine had 
a 25,000-amp maximum short-circuit 
current output and was capable of exert- 
ing a maximum electrode force of 1500 
lb. For welding in air, the parts were 
gripped in copper collet electrodes 
shown in Fig. 1; for welding under vac- 
uum, the arrangement shown in Fig. 2 
was used. 

Preliminary joint designs explored 
are shown in Fig. 3 and were as follows: 
1. Square-butt joints (in air only) 

(a) Unsupported. 
b) Steel-sleeve support, 


(c) Steel-backed glass-sleeve sup- 
port. 
2. Recessed joints 
(a) Cap recessed, steel-backed 
glass-sleeve support. 
(6) Cap and fuel recess, steel- 
backed glass-sleey e suppe rt. 


Welds made in air with unsupported 
square-butt joints gave unsatisfactory 
results in bond quality and in fuel upset. 
Attempts to limit fuel upset by use of a 
steel sleeve were « ntirely unsatisfactory 
because of short circuiting of the welding 
current through the steel sleeve. Even 
with glass-insulating sleeves, only partial 
bonding was obtained with square-butt 
joints and fuel alloy was extruded into 
the cladding-to-cap bond. Extrusion 
of fuel alloy also occurred when only the 
end cap was recessed. Gas porosity was 
encountered in all joint designs when 
welding was done in air. 

Since poor clad-to-cap bonds were ob- 
tained when square-butt joints and 
joints with recessed caps were used, 
both cap and fuel rod were recessed to 
remove core alloy from the cladding-to- 
cap bond area. Recesses of 0.010, 0.020 
and 0.030 in. were tried. These tests 
showed that 0.020-in. deep, 0.250-in. 
diam recesses gave good results. Visual 
observation of broken jomts indicated 
that both clad-to-cap and core-to-cap 


x t 4 
Lids | 
ao Square butt b. Square butt with c¢ Squore butt with 


steel-sleeve support 


d Cap recessed with 
steel-backed giass- 
sleeve support *™ 


steeLbacked glass- 
sleeve support 


| 


Fuel and cap recessed with 
steel-backed glass-sieeve 
support 


* 
Sleeves were selected for slip fit 


Fig. 3. Variations in joint design used in end-closure welding tests with the 


medium-capacity spot-welding machine 
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bonds were good, Metallographie 
aminations indicated good core-to-cap 
and clad-to-cap bonds, but gas porosity 
was found in a large number of the 
samples. When welding was done in 
vacuum, gas porosity was greatly re- 
duced. A comparison of welds made in 
air and vacuum is shown in Fig. 4. 

To restrict fuel upset, steel-backed 
glass sleeves were used with all recessed 
joints. These backings gave a clearance 
of about 0.003 in. between the parts be- 
ing welded and the glass liner of the 
backing. The sleeves appeared — to 
eliminate outward fuel upset. When 
the backings were used, the metal upset 
as shown in Fig. 4. Glass insulating 
sleeves were made from 10-mm OD 
standard-wall Pyrex glass tubing 
Since the dimensional limits on com- 
mercial glass tubing are quite large, care- 
ful selection was necessary to obtain 
sleeves of the desired size Glass tubes 
having 0.306- to O.30S-in. wer 
selected to provide a slip fit over th 
weld samples that had outside diameters 
ranging from 0.303 to 0.305 in Several 
steel sleeves, 1 in. in OD, were ma- 
chined to fit over the outside diameter 
The outsice 
diameter on glass sleeves used had a 
range from 0.385 to 0.392 in. Steel and 


of the glass with a slip fit 


glass sleeves were © in, long. 


Welded in air 


Welded in vacuum 


Fig. 4 Comparison of gas porosity 
in samples welded in air and in 
vacuum. X10. (Reduced by 4 
upon reproduction) 
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Table 1—Conditions Used for 


50-kva spot-welding machine 


diameter, 0.250 in 


Tap: 23,000 amp at short circuit 


Heat contro] 22.23 cycles at 
Positive slope 1-3 eveles at 60% initial he 
Negative slope: None 

Hold time: 60 evcles 

Fig. 5 Glass-alloy layer and lack of Temper: 3 cycles at 20% temper heat 


bond at outer edge of welds made in Squeeze: 60 cycles 
vacuum with glass-sleeve supports. Welding force: 150 Ib 
X 250. (Reduced by '% upon re- Vacuum-chamber pressure: 25 microns 


production) Iextensions: Fuel rod, 0.38 in. Zirecaloy 2-e 


Consistency-Run Weld Samples 


Machine 


Materials 
Zircaloy-2—Degassed at WAPD Diameter, 0.301-—0.3055 in Length, in. Recess 
depth, 0.020 in.; recess diameter, 0.250 in 
Fuel rod—Diameter, 0.300—0.3055 in.; length, 1 in. Recess depth, 0.020 in.; recess 


Machine settings 


at contro 


nd cap, In 


The glass sleeve usually reacted with 
the Zircaloy-2. sheath and cap. <A 
contaminated layer of Zirealoy-2 about 
0.001 in. thick, produced bv this reac- 


tion, is shown in Fig. 5. This laver 
would be removed in machining. the 


capped fuel rod to the proper diameter. 
Figure 6 shows the region of the clad- 
2 to-cap bond line in a typical weld 
Three lines’ are partly visible. The 
center line is the original surface of the 
weld joint. The top and bottom lines 

appear to be folds where Zircaloy-2 re- 
Fig. 6 Typical appearance of clad- cess walls were extruded inward. Thess 
to-cap bond area of welds made in do not appear to be of concern since 
vacuum with glass-sleeve supports. they are internal and do not offer paths 
X 60. (Reduced by '% upon re- through which water might get to th 
production) core. Examination of the bond at the 

Zircaloy 2 rod Fuel rod 


Corrosion test 
/2-in long samples, 


open ends 
Nondestructive tests 
Resistance weld (520) 
Vapor biost 
Radio graph(S20) 
As welded (ISS Heot treat Eddy-current tests Reserve (108 
to ruin corrosion 98) 
intentiona resistance of core | Machine 
defects in Machine (98) r 
of Eddy-current tests for current 
defects in fe (98) fuel at bond ‘ests 
| Test in Heat treat Destructive 
as - welded to ruin corrosion tests(20 
condition (38) resistonce of 
core (40) 


Corrosion test in 750 F steam at 1500 psi (388) 
Fig. 7 Testing program for consistency tests of end-closure welds made in vacuum 


with a medium-capacity spot-welding machine. Numbers in parentheses are 
number of specimens. There were two end-cap welds to each specimen 
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original faving surface indicated that it 
was sound, except for the part adjacent 
to the surface 


Consistency Run 

The encouraging results obtained with 
resistance-butt-welded recessed joints 
made it desirable to determine whether 
good end-cap attachments could be 
consistently produced by the method 
described in the previous section. A 
total of 520 sample end closures were 
made by resistance-upset welding § re- 
cessed joints in vacuum with the 


spot-welding machine. 


medium-ca pi 


The end-closure welds were made in 
vacuum to reduce porosity and holes 
that might result from gas trapped in the 
recesses and to reduce contamination of 
the weld area that normally would re- 
sult from welding in an open atmosphere. 
Conditions used for making the con- 
sisteney-run welds are outlined in Table 
l 


Table 2—Summary of Samples 
Actually Corrosion Tested 


I. Eddy-current-tested samples 

\. Possible defects indicated 
] Heat treated, 10 
2 As-welded, 11 

B. No indications of defects 
l Heat treated, 30 
2 As-welded, 27 

II. Welded and heat-treated samples* 
\. No indications of defects by X- 


ray, 151 
B. Fuel extruded at bond, 3 
C. Fuel extruded at die burns, 1 


D Defected samples, 5 
As-welded samples* 
\. No indications of defects by X- 
ray, 146 
B. Fuel extruded at bond line, 8 
C. Fuel extruded at die burn, 1 
D. Defected samples, 5 
Total number of samples: 398 


*Samples in these groups were not 
eddy-current tested. 
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The testing program for the consist- 
ency-run samples is outlined in Fig 7. 
Samples that were corrosion tested are 
described in Table 2. 

Prior to welding, machined parts for 
the consistency-run samples were pickled 
for 5 see in an acid mixture of 10 parts 
H.O, 5 parts HNO; and 1 part HF. 
During welding, Pyrex-glass-lined steel 
backings were used which allowed an 
upset of about 0.003 in. One of each 
15 to 20 samples made was broken by 
bending to determine whether the weld- 
ing machine was operating normally. 
During the course of the run, it became 
necessary to reduce the welding time by 
1 evele and the up-slope time from 3 
evcles down to | evele. The change was 
made after several check samples upset 
outside the glass sleeve, This problem 
was not encountered again after the 
change was made, 


Test Results 


After welding, the samples were vapor 
blasted to remove the glass which had 
fused and adhered to the Zircaloy-2 in 
the weld area. The appearance of 
samples made during the consistency 
run is shown in Fig. 8. Following the 
vapor blast, all of the samples were 
radiographed. Then the samples were 
divided into several groups for further 
treatment and testing, as shown in Fig. 
7. Corrosion tests were started im- 
mediately on 155 as-produced samples. 


Another group of 155 samples was heat 
treated at 500° C (932° F) for 10 days to 
ruin the corrosion resistance of the core 
before corrosion testing. Ten samples 
were machined and eddy-current tested 
and 10 samples were used for chemical 
analysis to try to determine whether 
there was uranium in the cladding-to- 
cap bond. An additional 98 end-closure 
samples were machined and eddy-cur- 
rent tested. Later divisions of this 
group of eddy-current tested samples 
included 20 samples for metallographic 
examinations, 40 samples that were heat 
treated and subsequently corrosion 
tested and 38 samples that were corro- 
sion tested in the as-welded condition. 

After welding, all of the consistency- 
run samples were radiographed for 
detection of porosity, fuel upset and 
material extruded into the clad-te-cap 
bond. Examinations of the radiographs 
indicated: 

1. Porosity was observed in a large 
proportion of the welds examined and 
generally was in the form of a void about 
in the center of the core-to-cap inter- 
face. Metallographic examinations in- 
dicated that the voids generally varied 
in size up to about 10 mils in diameter 
but larger voids also were observed in 
several samples. 

2. Fuel extruded into the clad-to- 
cap interface was observed on radio- 
graphs of 19 samples. Fuel contamina- 
tion resulting from die burns was ob- 


As-welded. One end cap attached. What appears 
to be upset is actually glass adhering to the specimen 


Vapor blasted, both ends attached 


Fig. 8 Typical appearance of consistency-run weld samples 


0.030-in cladding 


0.020-in. deep 


\ 


Note: All samples were taken to a depth of 


0 020-in. 


Fig. 9 Location of samples for chemical analysis 
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served in 4 samples. 

3. Core upset on a diameter was 
generally about 5 mils. The largest 
diametral upset observed was 10 mils. 

4. Glass chips, unbonded areas and 
inclusion-type bond-line defects could 
not be detected by radiography 
Metallographic Examinations 

Attempts were made to characteriz 
defects and correlate results of metallo- 
graphic examinations. The examina- 
tions were made on 27 specimens that 
had previously been treated as indicated 
in Table 3. 


Table 3—Condition of End-Closure 
Samples Examined Metallographically 


\ umber 
ol Treatment prior lo 


sample eramination 


20 As-welded, 
eddy-current tested 
=As-welded and radiographed 


radiographed ind 


l Heat treated, eddv-current tested 
and corrosion tested 1344 hr 

l As-welded, eddy-current tested 
and corrosion tested 1344 hr 

l As-welded and corrosion tested 
1344 hr 


Examinations were made by grinding 
the samples longitudinally through the 
weld in 0.025-in. steps. After each 
grind, the weld area was polished and 


Fig. 10 Typical corrosion-test failures 
in defected samples. X | 
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Table 4—Results of Chemical Analysis 
for Uranium at Bond Line of Ten 
Consistency-Run End Closures for PWR 


Reserve San ple Total we ight 
ple weight of uraniun 
C'CV- 2-11A 0 1762 
- 2-11B 0.2105 6 
- 2-11¢ Q 2450 
2-12A 0 2440 
- 2-128 0.2518 
-10-1L1A 2084 
-l0-11B 0.3565 5(30 
-10-11¢ 2380 1(2.0 
-10-12A 0 2181 KO” 
-10-12B 0 2430 5(0.8 
2335 
-IS-11B 0 2207 1.0 
-IS-1 1¢ 2247 1.2 
2428 HOT 
-I8-12B 0.2390 10.6 
-26-11A 0 3261 HOS 
-26-11B 0. 3435 
-2-12A 2549 
-25-12KB 0 3067 120 
0 3571 
-35-11B 0 2789 5(0 
$5-12A 3455 
-35-12B 3230 


etched 


chromiuc- 
Zircaloy-2 
this treatment 


with a 


electrolytically 


acetic acid etchant. 
was stained dark red by 
uranium-base alloy retained 


The 


significant 


while the 
a bright luster 
closed 
of the welds examined 

No 
observed at the clad-to-cap bond. 


2. Porosity 


examinations dis- 
four characteristics 


voids or unbonded areas wert 


large 
This 


lorm of a 


was observed in a 
proportion of the welds examined. 
porosity most often took th 
single void in the core about 0.010 in, in 
diameter and about in the center of the 
core-to-cap interiace. In some 
stances, the molten core material seemed 
away from the main 


to have fallen 


body 


material, leaving a spongy 


from the 
have bee n 


ot core 
away cor- 
to-cap interlace This may 
due to inadequate gathering during the 


mass some distance 


welding operation 


Glass were observed in 


chips 
several welds; the largest one observed 
was about 0.010 in. in the largest dimen- 
sion The glass came from the restrain- 
ing sleeve used during welding. 

1. A large proportion of the welds 
had tentatively identified 
Tie tallographically as core alloy at some 
in the bond. The 
material varied in thickness 
from about 0.1 mil to several mils. In 
the upper range ol thickness, extruded 
core alloy could be identified by X-ray. 
On the plane of observation, this inclu- 


material 


point ¢lad-to-cap 


rved 


sion material generally was in the form of 


a discontinuous line. 
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Fig. 11 


Corrosion-test failures in samples having sufficient fuel extruded 
the bond to be detected in radiographic examination. > | 


into 


Table 5—Results of Corrosion Tests in 750° F, 1500-Psi Steam on Intentionally 


Defected Consistency-Run Samples 


Location Gather, mi's 
B 
led 

AB 15 

\ a4 53 

AB 57 DD 

AB bo 

| 5S 

ted 

AB 50 

\ 57 65 

\ 55 64 

AB 54 54 

AC 57 


Time to 
Sam ple ailure 
lesiqnation 
As 
1-5 30-504 
72-168 
17-5 72-168 
72-168 
168336 
Heat 
1-0 24 
14-10 24 
19-4 24 
23-1 <24 
20-13 24 
* A--first end welded. B—second end 
AB, \( failure at both locations: initial 


Chemical Analysis for Uranium 
in the Clad-to-Cap Bond 

Samples for chemical analysis wer 
taken from 10 end-closure samples as 
shown in Fig. 9, to attempt to determin 
if the material found at the clad-to-cap 
bond For 
parison, samples for chemical analysis 
were taken the cladding of 
five of the samples away from the bond 
This gave a total of 20 samples of 


was uranium alloy. com- 


also from 
line. 
material Irom bond areas and 5 samples 
fesults of the analvses 
are given in Table 4. These 
show that four weld samples had a 
much higher uranium content than the 


from cladding 
results 


remaining 16 weld samples which com- 


welded. 


failure not distinguishable 


center portion of fuel component. 


favorably with the cladding 
This indicates that the mate- 
clad-cap bond line 
examination 


pared 
analysis. 
rial 


during 


found at the 
metallographic 
could be uranium alloy. However, the 


metallographic examination indicated 
that a much higher percentage of sam- 
ples should have contained uranium, 
Since autoradiographic techniques did 
uranium at the bond line of 


several samples which were examined 


not show 


by this technique, it is not vet possible 
to state definitely that the material 
found at the bond line by metallographic 
examination Was uranium ora uranium 


alloy. 


503-s 


‘ 
ba 

d 
ihe 


Corrosion Tests 

Final evaluation of the resistance- 
upset butt-welded end = closures was 
made by accelerated corrosion testing in 
750° F, 1500-psi steam. Of the 520 
welded end-closure samples, 388 were 
corrosion tested as enumerated in Fig. 
7 and Table 2. Before corrosion testing 
was started, defects were intentionally 
introduced into 10 samples by drilling a 
40-mil diam hole 90 mils deep at each 
bond line. These were tested to prov ide 
a base line with which to compare the 
rest of the test samples. Results of 
corrosion tests on the defected samples 
are given in Table 5. 

Corrosion-test results on the defected 
samples showed that, when core alloy 
was exposed at the bond line, only 
limited life could be They 
also showed that, as exper ted, the heat 
treatment reduced the corrosion resist- 
ance of the fuel alloy in 750° F, 1500-psi 
steam, Typical defected 
samples are shown in Fig. 10. 

Thirteen samples containing defects 


expected 


failures in 


produced during welding of the end 
Radio- 


graphs indicated that in one of the de- 


cap were also corrosion tested 


fective samples no contact was made 
between the core and the end cap; om 
of the sample s had Pe die burn and indica- 
tions were that some uranium came to 
the surface at this burn: the remaining 
11 samples had enough fuel extruded 
into the clad-to-cap bond to show up 
in the radiographs. Three samples with 
extruded fuel and the sample with die 
burns were heat treated and the remain- 
ing eight samples were in the as-welded 
conditions. Several failures that oe- 
curred in sample s having extruded fuel 
at the bond are shown in Fig. 11; a 
having fuel contamination re- 


sample 
sulting from a die burn is shown in 


Fig. 12. Corrosion-test results on these 
samples are given in Table 6. 

The remaining consistency-run sam- 
ples were corrosion tested in either the 
heat-treated or in the 
conditions, as shown in Fig. 7 and Table 
2. The failures which occurred in test 
are deseribed in Table 7. Figure 13 
gives an indication of the rate of failure. 


as-pre xluced 


This chart is based on 375 samples in 


Before testing After testing 


Fig. 12 Corrosion failure resulting 


from die burns 


which no indication of defects was found 
by visual and radiographic examination, 
Since a random choice was made in select- 
ing the groups of samples, it was ex- 
pected that the total number of failures 
in each group would be about the same. 
Based on this assumption, the behavior 
experienced during the first part ol the 
test was as expected. The rate of fail- 
ure initially was greater among heat- 
treated samples than among as-pro- 
duced samples, After completion ol 
about 26SS hr in test, the percentage ol 
failures in each group was about the 
same. Several failures that occurred in 
samples in which no indications of de- 
fects were found prior to corrosion test- 
ing are shown in Fig. 14. 


Discussion 


Welding tests leading to the consist- 
ency run indicated that an attractive 
method for joining end caps to metallic- 
cored fuel rods wis by resistance -upset 
butt welding as done in the spot-weld- 
Joints made by this 
scattered 


Ing machine. 
method contained some fine, 
porosity but, in general, they appeared 
to be strong and sound 

Visual examinations of broken speci- 
mens indicated that the joints were fre 
Mi tallographic eX- 
aminations also indicated that there were 
no unbonded areas in the joints. How- 
ever, a very detailed examination of the 


of unbonded areas. 


joints at high magnifications indicated 
that a large number of them contained 
some foreign material at the bond line 
which may have been core allov. The 
presence of core alloy at some clad-to- 
cap bonds was indicated by the results 
However, the 


number of samples giving indications of 


of chemical analysis 


fuel at the bond line by chemical analysis 
was much lower than the metallographic 


Table 6—Results of Corrosion Tests in 750° F, 1500-Psi Steam on Defective Consistency-Run Samples 


Location Time to 


San ple Type of of failure 
desiqnation defect defect* hr 
As-welded samples 
11-8 Iextruded fuel B 72-168 
15-13 fuel B 72-168 
17-8 Extruded fuel B 72-168 
15-5 Extruded fuel B 168-336 
21-3 fuel B 336-504 
16-3 Iextruded fuel B 672-840 
IS-S I:xtruded fuel B 672-840 
5-7 fuel No failure 
after 2688 hr 
15-2 Poor core-to-cap contact AandB <72 
Heat-treated samples 
17-13 extruded fuel B <72 
18-10 Extruded fuel No failure 


Extruded fuel 


Fuel extruded in die burn 


after 1344 hr 
No failure 


Cc 


Location 


of Gather. mals 
fail ire* B 
B 42 
B 19 50 
B 55 13 
B 66 62 
AB 56 52 
B 44 
AB 52 59 
50 18 
B 38 
B 53 
55 58 


67 


C 


A, first end welded. 


B, second end welded. 


C, fuel component. 


AB, failure at both locations; initial failure not distinguishable. 
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3 

28-1 61 67 
after 1344 hr 


examinations indicated, Consequently, corrosion resistance of the bond lines fuel rod and end cap. 
it is not vet possible to state definitely Neither is it known how much uranium The results of these tests point out 


that the bond-line material found by contamination it would cause at the how important a fusion-weld overlay 


re tallographic examination was ura- surface of the fuel element if it is fuel would be in insuring a sound, corrosion- 
niumallov. The amount of material at alloy It mav be that it the material at resistant joint. Such an overlay would 
the bond line was extremely small the bond line is fuel alloy it could be hot on seal al small unbonded area 
not yet known what the effect eliminated by such a simple thing as in urface of the fuel element but 
small amount of material 1 increasing the depth of the rece ss in both ml “4iso i the small amount of 
be present to an 
unimportant ntration, 
During corrosion testing, about 6% 
T f the samples failes There are three 
failures at the 
As welded 
-~----Welded ond heot treated 


he ¢ bond. 


ete lnd-to-cap bond. 
itions of 1 and 2. 


= 


phic examinations gave 

f poor clad-to-cap bond- 

rs that extruded fuel might 
of failure. The facet 

iy and metallographic 


disclosed LTOSS 


Failures, per cent 


fuel several 
additional evidence in this 


with a large 
fuel, the action in- 
ave gone further than 
re extruded fuel was not 


nw 


1000 1500 2500 3000 rom the results of the 


Time, hr that some problem 


| 
As-welded data from 184 sampies including 38 eddy-current-tested samples but not includ- wu econd end — 
ing 9 defective samples (by X-ray) of 5 intentionally defected samples wek pa itly, all of the failures 
—- Heat-treated data from 191 samples heat treated to destroy corrosion resistance of the core nm lin Table 7 occurred in the second 
ys Data pre ca 40 samples eddy-current tested prior to heat treatment but does not include end 1(B At least. in all eases 
intentionally defected samples nor 4 defective samples _ 
4 cluded in the failure. In 


Fig. 13. Consistency-run end-closure failures in 750° F, 1500-psi steam no case had failure occurred at the first 


As-welded Heat treated 
Fig. 14 Corrosion-test failures in consistency-run samples which gave no indications of defects. X 1 
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3. Combu 
Since metall 
he the m 
that both 
lirection. 
imount of ext 
4 volved appeal a 
s 
500 
505-s 


Table 7—Consistency-Run End-Closure Failures After 2688 Hr in 750° F, 1500-Psi Steam 


{s-welded samples Heat-treated samples 


Time to Location Gather, Percentage Time to Location Gather, Perce nlage 
Sample failure, of mils of 184 Sample failure, of mals of 191 
designation* hr failure* A B samples desiqnation* hr failure* i B samples 
CCV-19-8 B 69 0.54 CCV-12-10 72-6 B 1S 16 0.52 
-21-8 B 57 59 1.1 -25-4 72-168 B 1S 
-24-3 B 55 52 1.6 -33-4 168-216 B 60 71 16 
-24-5t B 53 53 2.2 -18-6 168-336 B 53 51 2.1 
-26-3 B iS 63 2.7 -22-10 168-336 B 50 ms] 2.6 
-20-6) AB 57 5S 3.0 -3S8-4 168-336 AB 6S 
-23-5 B 4 504-672 B 57 6u 3.6 
-20-5 1LOOS— 1344 B dA 69 +4 -25-t 672-1344 AB 58 75 12 
-36-67 S40-1344 AB 52 1344-2016 B 17 55 
-21-2 1344-2016 AB Gl 62 54 -23-4 2016-2688 AB 51 55 5.2 7 
-2)-5 1344-2016 AB 52 62 6.0 -25-1 2016-2688 AB 57 63 5.7 
-27-7t 2016-2688 B 50 59 6.5 
* A, first end welded. B, second end welded. C, fuel component AB, failure at both locations; initial failure not distinguishable . 


t Machined and eddy-current tested 


weld (A) alone. The reason for this be- 
havior of the second end-cap joint has 
not been found. No differences have 
been found between the first and second 
welds in the examinations which have 
been made. It may be that the failures 
(about 6° of the welds corrosion tested) 
were the result of a small change in 
some welding variable caused by the 
change in length of the specimen as a 
result of attaching the first cap. 

Because of the failures experienced in 
the consistency run it is not possible at 
present to recommend resistance-upset 


be that a simple modification will pro- 
duce joints with acceptable corrosion be- 
havior. Two modifications were sug- 
gested earlier: fusion weld at bond line 
and increasing depth of recess—but as 
vet neither these nor other modifications 
have been studied. Because metallie- 
cored fuel pins may be important in the 
future, efforts should be made to obtain 
more data on resistance-upset butt- 
welded end caps in other investigations. 
The objectives of these investigations 
would be first to try to characterize those 
factors which are responsible for poor 
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i butt welding alone as the method of end-cap joints and second to try to Batten, Westinghouse Atomic Power 
z end capping metallic-cored fuel pins. correlate these factors with production Division, for their interest and assist- 
i Strong joints are produced and it may procedures. ance. 
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25, D. C., 75 cents.) Fifty-three alloys 
were examined in the iron-tungsten and 
cobalt-tungsten alloy svstems in an 
attempt to verify the finding of sigma 
phases in these systems as reported by 
Goldschmidt in 1949. Selected regions 
of both binary equilibrium diagrams 


U. 8. Army. September 1955. 49 
pages. (Order PB 131348 from OTS 
U.S. Department of Commerce, Wash- 
ington 25, D. C., $1.25.) This volume 
presents data valuable to the welding 
engineer in evaluating and comparing 
crack susceptibility tests. The data 


were investigated by examining alloys were drawn from measured cooling 
ze The thermal conductivity, specific heat metallographically and by X-ray dif- rates at 1000 and 572°F in the heat- 
and linear coefficient of thermal expan- fraction techniques. Results indicated affected zones of welds made on con- 
sion were measured from 1000t03000°F, that neither of these systems contains trolled thermal severity, cruciform 
E or the melting point of the metal, a sigma phase. However, they do and multiple bead-on-plate test speci- 


whichever was lower. Both the ex- 
perimental measurements and the re- 
sults of the conversion of these measure- 
ments to the desired physical prop- 
erties are given in the report. 


contain a xi phase (M;W,). The per- 
itectic formation of the xi phase in the 
Fe-W diagram was indicated to oceur 
at a lower temperature than that shown 
on the published diagram. Modifica- 


mens. Cooling rates were found to be 
approximately equivalent. Tests were 
performed on two heats of armor plate 
using low-hydrogen electrodes and three 
different testing arrangements. The 


: tion of the existing diagram is recom- specimen which apparently involved 
lron- and Cobalt-Tungsten mended, the highest restraint caused underbead 

Binary Systems cracking of both heats, while none was 

ia observed in the other two tests. The 

. Inte rmediate Phases in the Tron- Crack Susceptibility Tests rate of cooling of one of the noncracking 
- Tungsten and Cobalt-Tungsten Binary specimens was artificially increased to a 
: Systems. E. C. Van Reuth, Wright Evaluation of Crack Susceptibility high value and cracking did not occur. 
. Air Development Center, U. S. Air Tests. S. Weiss, J. N. Ramsey, C. M. Results indicated that the degree of 


Force. December 1957. 28 pages. 
(Order PB 131627 from OTS, U. 8. 
Department of Commerce, Washington 
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Adams, H. Udin, and J. Wulff, Mas- 
sachusetts Institute of Technology for 
Watertown Arsenal, Ordnance Corps, 


restraint plays a more important role 
than cooling rate in causing hard-zone 
cracks, 
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WELDING OF GALVANIZED STEELS 


The tendency for cracking encountered when welding galvanized steels can 
be minimized by reduction of the quantity of zine on faying surfaces 
or use of techniques which favor volatilization of the zinc coating 


SY 


ABSTRACT. Fillet welding of  galva- 
nized steels is complicated by the formation 
of eracks in the weld. The cracks, which 
are of the intererystalline type with a zinc- 
rich layer lining their surfaces, are asso- 
ciated with zine segregation The coated 
faving edges appeared to be the primary 
areas involved 

The relationship between zinc-coating 
thickness and cracking tendency is shown 
and several methods for minimization of 
the tendency are indicated 

\ fillet impact test for evaluation of the 
effects of the cracks is described Results 
of this test indicated that the cracks noted 
in galvanized assemblies tended to de- 
crease the energy absorbed in the fracture 
of the fillets An increase in the percent 
of length of unfused root corners (shallow 
penetrating characteristics) increased the 
energy absorbed In addition, there was 
an increased tendency lor cracking as the 
extent of fusion at the root corner in- 
creased 

In general, it is concluded that the most 
feasible procedures for minimizing the 
cracking tendency are the use of twin-are 
techniques and the removal of zine from 
the web edge of oxygen cutting 


Introduction 


The welding of galvanized steels as com- 


I. L. Stern and H. Nagler are welding engineers 
in the Naval Material Laboratory " 
\ ard 


Table 1—Chemical Composition of 
Plate Material 


High- 
Vedium tensile 
Grade of plate * > steel steel 
C, max, % 0.26 0.18 
0.90 1.30 
P, max, % 0.040 
S, max, “% 0.050 

Si, % 15—-0.35 


Mn, max, 


Cu, max, % 3 0.35 
Ni, max, “% f 0.25 
V, min, “% 0.02 
Ti, min, “% 0.005 
Cr, max, “% 0.15 
Mo, max, ‘% 0.06 


L. STERN AND H. NAGLER 


* Military specification MIL-S-16113. 
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pared with black (ungalvanized) steels plete survey indicated that this condi- 


has always been considered the more tion was encountered with all F; 16, ; 32 
; in. sizes of commercially avail- 
E6010 and E6011 brands in the 
thick galvanized 
medium- and high-tensile steel assem- 
blies similar to that shown in Fig. 1. 
Nominal analyses of the plate mate 
rials involved are indicated in Table 1. 
Cracking was not observed with many 


difficult operation because of the gen- and 
erally poorer weldability characteristics, able 
poorer surlace appearance Ol the de- welding ol ein. 
posited weld metal and the 
Procedures for welding struc- 


lumes 
evolved. 
tural galvanized steels generally specify 
the use of cellulosic electrodes of the 
£6010 and E6011 types. 

In the ecurse of laboratory inspection 
of £6010 and E6011 types of ele ctrodes 
consistent cracking in fillet welds on with and zo IN. 
A com- However, when greater restraint was 


brands, when similar assemblies 12 in. in 
length were fabricated in '/, in. thickness 
diam electrodes. 


galvanized plate was observed. 


BEND 
THIS way 


/2 
PLANGE 


BASE PLATE TO BE STRAIGHT AND IN 
INTIMATE CONTACT WITH SQUARE MACHINEO 
OF WEB MEMBER THRUOUT - TO INSURE 
MAXIMUM RESTRAINT. 


Note: All material galvanized prior to assembly. Zinc coatings applied after the faying edges of 
the web members of the tee joint have been machined, and not removed prior to welding 


Fig. 1 Fillet fracture-test assembly 


SECTION B MIN WEB 


SWE 


1/4 


Notes: (1) All material galvanized prior to assembly. Zinc coatings applied after the faying edges 
of the web members of the tee joint have been machined, and not removed prior to welding. (2) 
After welding, divide assembly into two halves. (3) Sawcut through fillets 1 and 2 of first half, and 
fracture fillets 3 and 4. (4) Sawcut through fillets 3 and 4 of second half, and fracture fillets 1 and 2 


Fig. 2 Cruciform fillet-fracture test 


507-s 


WEB 

are the private ones of the authors and are not : 

; to be construed as official or reflecting the views ; 

f the Naval Service at large 

12” 

4 6" 6” — 
SECTION A | , 

“4 

SIDE 3 

|__| FLANGE 

SIDE 4 SIDE 2 ; 
4 3 

“ 

3° MIN 


introduced by use of the galvanized 
cruciform assembly of Fig. 2, cracking 
was observed in the '/-in. thick assem- 
blies to the extent noted in Table 2. 
As indicated therein, the first two fillet 
welds deposited exhibited less cracking 
than the last two. 
blies in black high-tensile steel (un- 
galvanized) did not exhibit cracks. 
This indicated an apparent direct rela- 
tionship between restraint and cracking. 


Comparative assem- 


Nature of Cracking 

The macrosections shown in Figs. 3, 
t and 5 are examples of the cracking en- 
countered. The eracks originate at the 
root corners and do not extend to the 
surface. Figure 4 contains <X 100 and 
x 5OO photomicrographs of significant 
areas of the Code-G specimen of Fig. 3. 
The surfaces of the root of the crack 
(Area A), the crack proper (Area B) 
and the adjacent area (Area C) all ex- 
hibit similar structures. Figure 5 is an 
example of an incipient or small crack. 
The photomicrographs of the base metal, 
root of crack (weld metal) and crack 
clearly indicate the sim- 
of structure which appears on 


(weld metal 
ilarity 
the surfaces. 

These structures are similar in appear- 
ance to the iron-zine layer of galvanized 
steel. X-ray diffraction and = spectro- 
graphic analyses of the fracture surface 
representative of a crack indicated the 
presence of an iron-zine rich crystalline 
material. Chips machined from. this 
surface, which represented dilution of 
the surface material with underlying 
weld metal exhibited a zine content 
approximating 0.2%, an amount far 
in excess of that normally found in steel 
or weld deposits. 

In view of the metallographic, X-ray 
diffraction and spectrographic data, it 
was concluded that the cracks could be 
associated with intergranular segrega- 
tion of molten zine. 


Fillet Fracture Test 

The optimum method for studying the 
occurrence of cracks of this type is the 
fillet fracture test described in Military 
Specification MIL-E-15599 and the 
AWS Inspection Handbook B1.1-45-Par 
lllb. In this test, a single-pass fillet 
weld is fractured, and the fracture sur- 
face is examined visually. Typical 
fractures are shown in Fig. 6. The 
cracks under discussion are evidenced in 
the “as-fractured” specimens as silvery 
striated areas. The fact that these 
striations were representative of cracks 
was first established by fracturing fillets 
adjacent to macrospecimens which had 
exhibited cracks and then comparing 
the appearance of the macrosections 
with the adjacent fractured areas. 
Macrosections exhibiting cracks and 
adjacent fillet fractures are illustrated in 
Fig. 3. 


The striated areas representative of 
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cracks can be readily differentiated from 
sound metal by heating the fractured 
specimen at 625 + 25° F for 30 min. 
As a result of this exposure, sound metal 
will heat tint (usually to a tan or brown 
color) whereas the areas representative 
of cracks will remain light due to the 


Code G-E6010 


size 


Code K-E6010 


/ seein. size 


Fig. 3. Cracks in fillet welds. 


MAGN. 3X (APPROX) 


Fig. 4 Cracks in 
fillet weld. High- | 
tensile steel (gal- 
vanized). Code-G 
brand. (Reduced 
by '/3 upon re- 
production) 


ETCHANT: 20 GM CHROMIC ACID 1OOCC WATER 


protective action of the overlaying zine 
rich metal which lined the crack. Re- 
sults of the application of this technique 
are illustrated in the “heat-tinted” 
examples of Fig. 6. Sound weld metal 


is denoted by dark areas and the cracks 
by the lighter areas. 


High-tensile steel (galvanized) 


SODIUM SULPHATE 
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Effect of Zinc-Coated Thickness on 
the Cracking Tendency 

The next phase of the problem investi- 
gated was a determination of the rela- 
tionship between the zinc-coating thick- 
ness and the cracking tendency. This 
was particularly significant in view of 
the fact that the zine laver thickness of 
the plates used in production cannot be 
controlled Plates 
in this investigation which were ordered 
to a spec ified zine coating thickness of 
0.0033--0.0044 


consistently used 


in., generally exhibited 


thicknesses ranging from 0.0044 to 
0.0108 in., despite efforts of the gal- 
vanizer to maintain the zine thicknesses 
at, or in some cases below, the spe cified 
range. To obtain test plates with coat- 
ing thicknesses of 0.002 and 0.003 in., 

necessary to reduce the thick- 
a galvanized layer of known 

by Although it 
was realized that this procedure tended 
to remove n 


it became 


ot 
thickness 


ness 
machining. 
iost of the zine laver and 


leave essentially intermetallic 


iron-Zinc 


compounds, it was considered expedient 


Table 2—Length of Cracks in '/,-In. High-Tensile Steel Cruciform Galvanized Fillet 
Assemblies 


Ler 


of 


* Assembly not fractured 


for the intended test application. Elee- 
trogaly used to obtain 
thicknesses of zine coatings below 0.002 
Weldability of steels with electro- 
lvanized coatings up to 0.0045 in. in 
thir 
fesults of tests are shown in Table 3. 

As crack-free welds 
wer the zine-coating 
in. or below; 
in fillet welds 
deposited over zine-coating thicknesses 
as 0.0006 


nizing was 


in 


kness was also investigated. 


indicated therein, 
wh n 
0.0005 

] 


observed 


observed 
thickness was 

‘KS wert 
in.; in the range of 
0.0006 to 0.0103 in., the degree of crack- 
with coating 
No differences 
ved between the results ob- 


as low 


increased 
significant 
with 
ed galvaniz 


i electrogalvanized and hot- 
dip} lv: d plates. 

Application of Special Techniques 
In 


view of the above A procedures were 
for removal of the zine to 
its apparent deleterious effect. 
Operating techniques listed below were 
found but not totally elim- 
tendeney noted: 


to reduce 


acCKINg 


High currents. 


operating 


Table 3—Results of Tests; Effects of Zinc-Coating Thickness on Quality of Weld Deposit; Type MIL-6010 Electrode 


Extent of galvanizing" 
Coating thicknesses below spec. require- 
ments 


Spec. coating thicknesses 


Heav 


spec ification thicknesses 


y-coating thickness (greater than 


employing various 


combinations and coating thicknesses 


Special assemblies 


( 
( 
( 


( 
( 
( 
( 
( 
( 
( 
( 
( 


Brands—*/ \«-In. Size—D-C Reversed Polarity 


Brand 
‘ode 
‘ode 
‘ode 
‘ode 
‘ode 
‘ode 

ode . 


‘ode . 


‘ode 


‘ode 
ode. 


‘ode 


‘ode . 


‘ode. 
‘ode 
‘ode 
‘ode 
‘ode 
‘ode 
‘ode. 
‘ode 
‘ode . 
‘ode 
‘ode 
‘ode . 


‘ode e 


Zinc-coating Galvan- 

thickness, in 
Web 
J 0 00013 0 
J 0 00025 0 
0 00034 
0.00046 
0. 00058 
0 00061 

003 

0044 

0044 

0044 

0076 

0044 


izing 

Flanae 
00013 
00025 
00034 
00046 

00058 
00061 
002 
0043 
0043 
0043 
002 
0060 


process” 
EG 

EG 

EG 

EG 

EG 

EG 
HDM 

EG 

EG 

EG 
HDM 
Web-EG 
Flange-HB 
Web-EG 
Flange-HD 
Web-EG 
Flange-HD 
HDF 
HDF 
HDF 
HDF 

EG 

HD 

HD 

EG 

EG 

HD 

HD 

HD 

HD 


0044 0060 


0044 0060 
0.0058 
0.0084 
0.0084 
0.0060 
Black 
Black 
Black 
0045 
0045 
0059 
0059 
0059 
0059 


0058 
0058 
0058 
0058 
0044 
0108 
0103 
Black 
Black 
Black 
Black 
Black 
Black 


Fracture evaluation 
Lack of 
rool-corner 
fusion, % 


0 


Severity 
of 


f 
Amp cracking’ 


172 
172 
176 
176 
16S 
200 
208 
200 
184 
200 


200 
192 


196 
200 
204 
200 
200 
188 
192 
176-192 
168-192 
156-172 
172-188 
148-164 
168-184 


bo Ww bo 


184 
172 


180 


@ Military Specification MIL-S-161 13B specifies coating thicknesses ranging from0.0033 to 0.004 


"EG 
‘ep 
“HDM 
‘HDF 
See Fig. 9 


Electrogalvanized. 
Galvanized, hot dipped. 
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Section was milled to desired coating thickness. 
Both web and flange were galvanized (hot dipped). 


4 in. (2 to 2?/; oz /sq {tof surface coated). 


Contact edge of web was oxygen cut before welding assembly. 


Electrode cracks, in. (see Fig. 2 
diameter 
Brand ir Weld 1 Weld 2 Weld 3 Weld 4 ee 
\ 3 4 + 
B 0 0 
B 0 0 | 
Volis 
25-30 164-172 0 
25-30 164-172 0 
25-30 160 0 
: 21-29 160 0 6 : 
25-29 160 3 
25-30 158 l At] 
25-30 184 0 
: |__| 24-30 184 4 0 
23-30 184 2 15 : 
‘ode 23-30 184 4 0 
(mK 22-26 176 4 12 
24-32 168 3 7 
( J 24-30 3 a 
( 23-30 0 
( 22-28 0 
( N 23-29 0 
23-29 0 
( 23-28 9 
22-28 61 
24-28 9 
22-27 57 
( : 23-28 24 
( J 25-29 76 
25-29 11 
509-8 


CRACK IN 
WELO METAL 


Fig. 5 Cracks in fillet weld. High-tensile steel (galvanized). 
(Reduced by ' 3; upon reproduction) 


Etchant. 20-g chromic acid, 100 cc water and 1.5 g sodium sulfate 


AS FRACTURED 


First 9 in. of weld 


AFTER HEAT TINTING 


Second 9 in. of weld 

Fig. 6 Fillet-weld fractures; '/2-in. high-tensile galvanized steel. 
ot 625 + 25° F for 30 min) 


510-s 


Code-J brand. 


(Heat tinting 


(6) Atwin-are technique wherein two 
operators deposit metal si- 
multaneously on both sides of 
the fillet weld. 

(c) I:xtensive whipping. 

(d) Removal of zine from the corner 
of a “tacked” fillet assembly 
by: 

1. Oxyacetylene flame  (oxicdiz- 
ing). 

2. Operating electrodes at sufli- 
ciently high speeds 
currents to volatilize 
zine without 
weld metal and then weld- 
ing the assembly with addi- 


and 
the 
depositing 


tional electrodes operating 
under 
conditions. 
the zine was also attempted 
by the use of 60 LO-t yp 
electrodes at high 
with direct current, 
straight) polarity. With 
this technique, spatter loss 
100°, there- 
by permitting the  ap- 
plication of the heat of the 
are without the ce position 


optimum — welding 


temoval ot 


ages 


appre maches 


of appreciable weld metal 


Attempts were also made to eliminate 
cracking by removal of the zine from the 
faving edges by oxygen cutting the web 
This procedure effected an appreciable 
reduction, but did not eliminate the 
cracking tendency. 

The use of smaller-diameter electrodes 

l/s and ® 32 in.) for the root passes ol 
fillets investigated. 
indicated that this technique increased 
rather than the 
tendency. A typical example of the 
results obtained is illustrated in Fig. 7 

Of the procedures noted above, the 
use of twin-are techniques and the re- 
moval of the galvanized web edge by 
oxygen cutting prior to assembly proved 
the most effective in reducing the crack- 
ing tendency. 

Crack-free fillets were obtained when 
the zine-rich layers were removed from 
the faving surfaces of the web and flang 
of the galvanized plates. 


was also tesults 


decreased CTaCKINg 


Removal of Zinc Coating 

It was possible to remove the zing 
sufficiently to eliminate the cracking 
by burning the zine from the faying 
flange surface with oxidizing preheat 
flames of a cutting tip, and from the web 
surface by oxygen cutting the edge. — Al- 
though the former was not considered a 
practical production procedure, it  in- 
dicated that cracking could be elim- 
inated by removal of zine from the fay- 
ing edges only. The applicability of 
the common production method for the 
removal of the galvanized coating, i.e., 
grinding, was then evaluated. Re- 
moval of the zine layer with aluminum 
oxide abrasive and grinding wheels 
did not prove to be a satisfactory 
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method, due to the clogging of the eut- 
ting surface of the wheel. A 
carbide wheel and a depressed center 
aluminum oxide-cotton fiber-nylon rein- 
forced disk were the most suitable for 
Grit or sandblast- 
ing also appeared to be a promising 
method. However, the applicability of 
both grinding and blasting is dependent 


silicon 


grinding operations. 


on the particular application involved 
and available labor and equipment. In 
all cases the operations represent. sig- 
nificant cost items, 

Visual examination proved satisfac- 
tory for determining the absence of the 
galvanized coating removed by shot- or 
sandblasting, but was unsatisfactory 
when grinding had used. To 
verify removal of the zine by grinding, 
the following chemical spot test was 
used. 

Several drops of a solution (0.2 g po- 
tassium ferricyanide, 0.5 ml concen- 
trated hydrochloric acid, 100 ml 
tilled water) are placed on the area to be 
tested, which should be free of scale, 
oil, rust or other contaminators. The 
appearance of a deep-blue color within 
20 sec indicates practically complete 
absence of zinc. If appreciable zine is 
present, the color will remain yvellow- 
green. 


been 


dis- 


Fillet Impact Test 

A fillet impact test was then con- 
ducted to determine the relationship 
between root-corner fusion and the crack- 
ing and to obtain some information rela- 
tive to the mechanical effects of the 
eracks. Three black and three gal- 
vanized fillet assemblies were welded on 
‘in. high-tensile steel with each of 4 
brands of */y-in. diam £6010-type elec- 
trodes. Currents selected approxi- 
mated the highest optimum for hori- 
zontal fillet welding. Since the hot-dip 
galvanized plate available for this test 
exhibited a comparatively heavy-coat- 
ing thickness, electrogalvanized plates 
with an average coating thickness of 
0.0044 in. were used for one of the three 
assemblies. 

Since it was believed that the delete- 
rious effects of the cracks observed might 
be most obvious with dvnamic loading, 
the fillet impact test of Fig. 8 was used 
In this test, a 5- to 6-in. length of the 
fillet assembly is clamped at the flange 
with the flange vertical and the web 
horizontal. <A 106-lb 
dropped along guided rails from a height 
of 4 ft above the web plate so that it 
strikes the web plate on the unwelded 
s in. from the flange face. The 
velocity of the hammer is measured 
2 below the point of impact by 


hammer 


side 2 


mM. 
means of an electronic timer, both with 
and without a fillet in place. Velocity 
is converted into hammer energy with 
the equation 

E = 1/,WV?/g 


where 
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Fig. 13 Comparison of fused and 
unfused fillet welds 


= velocity of hammer, Ips 
= energy. {t-lb 
W = weight of hammer, Ib 


qd = gravitv acceleration (32.17 tps? 


The difference in hammer energy be- 
tween a free fall (with no fillet in place) 
and one in which a fillet is fraetured by 
the hammer is considered to be the 
energy absorbed by the fillet weld. 
Energy-absorption values were ob- 
tained for all fillets fabricated. Frac- 
tures were then examined for extent 
of root-corner fusion and the presence 
of eracks. 
respect to the degree of cracking, in 
following general 


Cracks were classified with 


accordance with the 
criteria Which are illustrated in Fig. 9. 
Class 0—No cracks present. 
Class 1—Slight cracking occurring 
cracked area very small 
1 


sporadically ; 
(approximately in. long and !)s in. 
deep), occurring two to four times along 
length of fillet. 

Class 2—Moderate cracking between 
approximatel and in. in length, 
occurring not more than three or four 
times (depending on crack size) in an 
IS8-in. length of weld. 

Class 3 Pronounced cracks, greater 
than approximately in. in length, 
occurring at relatively frequent inter- 


vals along the length of weld. 
Class 4 
each erack continuously extending over 


Very pronounced cracking; 


several inches, occurring frequently over 
the length of the weld. 

All results obtained were submitted to 
au statistical analvsis. 

Detailed results of tests are shown in 
Table 4. The approximat 
ships between the various factors under 


relation- 


investigation, as derived from a statis- 
tical analvsis of the results of Table 1, 
are indicated in Figs. 10 to 12, inclusive. 

As indicated in Table 4, all galvanized 
assemblies welded exhibited cracking to 
a greater or lesser degres 

Figures 10 and 11 indicate a tendeney 
for a gradual decrease of absorbed 
energy as severity of cracking increased. 

Figures 10 and 11 also indicate a 
noticeable decrease of absorbed energy 
as the extent of fusion at the root corner 
increased. It mav be noted that ab- 
sorbed energy was affected more by the 
extent of fusion than by the extent of 
cracking. 

Figure 12 indicates that there is an 
d tendency for king iis the 
extent of fusion at the root corner in- 
creases 

It should be noted that the results ob- 
tained with respect to energy absorbed 
during fracture are applicable to the 
particular joint design and condition of 
It has been shown that 


energy absorbed by a fillet is greater 


loading used. 


when the root corner is incompletely 
fused. consideration of the joint 
geometry shown in Fig. 13 indicates that 
an unfused root corner r presents a less 
acute noteh than 
root corner and the difference would be 


completely fused 


significant in the type ol loading 


used in the fillet fracture test. It should 
he noted that the deleterious effects of 
lack of root-corner fusion might possibly 
he noted in other mechanical tests such 
as shear tests of the fillet or imposing 
tensile forces on the web 


Conclusions 


The available literature recommends 
the H6010- and E601 1-type electrodes 
for welding galvanized steels \s in- 
dicated herein, this tvpe electrode does 
not vield sound weld deposits in’ fully 
galvanized fillet joints similar to those 
welds deseribed herein, Comparable 
results have been obtained for Typ. 
E6011 electrodes, 

In view of the information contained 
herein, it can be concluded that there 
is no method currently available which 
emplovs E6010 or E6011 types of elec- 
trodes that will consistently 
crack-free 
fillet assemblies However 


produce 
welds fully galvanized 
} 
methods are available which will mi 
os 


cutting 


mize the tendenev, the 
effective the oxvecnh 
of one of the two faving surfaces 
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FACTORS AFFECTING THE DUCTILITY 
OF STEEL WELD METAL 


An investigation is re ported of the effect 
ol type of joint, interpass temperature, 
type ol wenve ol electrode and 
hydrogen content on the tensile and 
notch impact properties of weld metal. 
The four electrodes wer l organic- 
rutile, (2) rutile 3 6020, and (4) 
low-hvdrogen. Joints were welded at 
212, 480 and S40° F interpass temper- 
atures. In general, the trend of re- 
sults was the same for the four types of 
With 212° F interpass the 


vield and tensile strengths were high: 


electrodes, 
elongation and reduction of area were 


Abstract by Gerard E 
Faktoret e die Crate 
gut | 


Claussen 
te 
niache 


Ds 


low. With higher 
atures, the strength fell and duetility 
rose, Stress-relief heat treatment did 


Interpass temper- 


not always eradicate the effect of inter- 
pass temperature, The £6020 electrode 
was less affected by interpass temper- 
ature than the rutile tvpes. The low- 
hvdrogen electrode showed relatively 
little loss in duetilitv at the lowest 
iInterpass temperature, 

Specimens produced in the standard 
German joint) had 5700) psi higher 
strength than those produced ino a 
simpler type of joint. Fall 
lowered the strength 4200 psi compared 
with stringer beads, but there was little 
effect on duetilitvy and impact value. 
The microstructure indicated that high 
interpass temperature acts like nor- 


weave 


BY H. SACHS 


malizing. The structure of as-welded 
specimens with S40° F 
sembles that of the normalized 212° | 


Interpuss re- 


Spec 

It was obvious that hydrogen had a 
great deal to do with these results 
The easily diffusible hydrogen measured 
in the glycerine test was the HWnportant 
factor. The nondiffusible hydrogen de- 
termined by vacuum hot) extraction 
varied a great deal and did not cor- 
relate with the tensile results. Per- 
haps the nondiffusible hydrogen merely 
occupies submicroscopic cavities with- 
out affecting the lattice. 

Other factors not studied in the in- 
vestigation may affect test 
such as diameter of electrode, current 


results, 
position and shrinkage stresses. 
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DESIGN OF A THIN-WALLED CYLINDRICAL 
PRESSURE VESSEL CONSIDERING PLASTICITY 


Paper deals with the determination of the wall thickness 


ina thin-walled cylindrical pressure vessel based upon the 


plastic range and the so-called “instability” or marimum 


pressure that can be produced in the vessel 


BY JOSEPH MARIN AND M. G. SHARMA 


SUMMARY. Available theories for eval 
unting the wall thickness of pressure 
vessels have been reviewed b surrows 


These theories are based upon the simple 


tensile yield or timate strength as a 


basis for faihure vithout considering the 


plastic-deformation properties of the ma 
terial, That is, these theories imply that 
materials with the same tensile yield or 
ultimate strengths but with different 
ductilities are equal suitsabole That 


the determination of the failure load for a 
pressure vessel should ¢ 
behavior of the material 
This paper deals with the determination of 
the wall thickness in a thin-walled evlin- 


dries Pressure VEsse based ipon the 


onsider the plastic 


stress-strain 


ti range and the so-called “instabilit 


ort imum pressure that can be pr 

1 lin the vesse \ paper by Cooper 
i similiar theor 

The res s presented 1 thi 

re more yee hat thos 

given Cooper since the material ts 

considered to be nomtsotropie and to | 


directional properties 


Stress-Strain Relation for 
Simple Tension 

In order to develop a theory which 
defines the wall thickness of a pressure 


vessel based upon the plastic combined 


stress-strain properties of the material 


it is necessary to define the plastic 
stress-strain relation for simple tension 

For simple tension, the conventional 
procedure is to define the mechanical 
properties based on the nominal stress 
strain curve as indicated in Fig. 1 
A more accurate representation of the 
stress-strain relation is provided by the 
true stress-strain relation also shown in 
Fig. 1 


6 are 


The true stress o and true strain 


based upon the actual area, A 


and gage length, 1, for the particular 
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TRUE OR NOMINAL STRAIN ——* 


Fig. 1 Stress-strain diagram 


msidered rather than the 
length. On this 


tensile oma 
initial area and gage 
basis, the true stress and true strain are 


defined b 


=e (7) 


An examination of the stress-strain 
curves in Fig. | shows that there are 
three distinguishable regions of behavior 
represented in the stress-strain curve 
The first includes the 


loading range up to Point A 


initial 


egion 
elastic 
representing the vield strength. This 
elastic plastic 
range from A to B or A to B,; where B 
or B, represents the point of instability 
Finally, the plastic 
range lowed by an unstable plastic 
range extending from B to C or B, to C 
where points C or C; represent fracture. 
The point B or B, representing instabil- 
itv or maximum load will be considered 
the failure load in this study. It is 
assumed that from a designer’s point of 


range Is followed by 


um load. 


or 


view, resistance to load ceases beyond 
the point of maximum load. 

Many relations expressing the tensile 
stress-strain in the plastie range have 


n proposed, It has been found that 


good approximation defining the true 
stress true strain (6) relation for 
man materials is the following rela- 
tir 
o ké" (2) 
vhere & is referred to as the strength 


coefficient and n is the strain-hardening 
expon nt 


Isotropic Stress-Strain Relations 
for Combined Stresses 
Pre ssure vessels are subjected to com- 
For this reason, the de- 
vessels based on the 


bined stresses 

sign of pressure 
must consider the plastic 
stress-strain relations for materials under 
Various theo- 
ries have been proposed which define the 


range 


plastl 
combined states of stress. 
combined stress-strain relations 


in terms of the 


strain properties 


plastic 
uniaxial tensile stress- 

The usual procedure 
is to select either a “flow” or ‘“deforma- 
tion” type theory and to assume that 
the material is isotropic and does not 
For a cylindri- 


have directional effects.* 
cal pressure V¢ sse] subjected to internal 


pressure, the ratio of the principal 
stresses remains essentially constant 
during the loading. For cases of con- 
stant ratios between the principal 


stresses, the incremental-flow theory re- 
duces to the deformation theory. This 
latter theory will therefore be considered 
in this study. By the deformation 
theory, assuming isotropy and the ten- 
sile stress-s train relation in eq 2, the 
plastic principal strains 6,, 62 and 43 in 
terms of the principal strains o;, 02 and 
a3; have been shown to be’ 


: 
: 
: 
» = (;) 
(3) 
515-s 


where @ is called the effective or sig- 
nificant strain and has a value 


The strain corresponding to the effective 
stress is called the effective strain and 
has been shown? to have a value 


6 = V + + 637) (5 


According to the deformation theory* 
the axial stress-strain relation 6-o coin- 
cides with the effective stress-strain rela- 
tion 6-6. A number of experimental 
investigations® have been conducted on 
thin-walled tubular specimens subjected 
to axial load and internal pressure for 
the purpose of confirming the accuracy 
of the foregoing theory. In making 
comparisons between theory and tests, 
most investigators have compared the 
effective stress-strain relations with a 
relation. 
upon 


tensile stress-strain 


conclusion 


uniaxial 
The general 
these comparisons is that the theory is 


based 


in approximate agreement with the test 
results. For the present study, a more 
accurate measure of the theory can be 
found by comparing the experimental 
and theoretical circumferential 
strain relations for closed and tubular 
specimens subjected to internal pressure 
rather than to compare the theoretical 
and experimental effective stress-strain 
relations. The results of this study are 
reported in the following section. 


stress- 


Comparison of Experimental and 
Theoretical Stress and Pressure 
Relations for an Isotropic Material 

This investigation included a critical 
review of test results on thin-walled 
cylindrical specimens closed at the ends 
and subjected to internal pressure. This 
study included an examination of re- 
sults reported in 14 publications. In 
examining the data, it was found, in 
general, that the effective stress-strain 
relations for the combined stress tests 
approximately agreed with the uniaxial 
stress-strain relation. On this basis, it 
was concluded (in most cases) that the 
deformation theory gave a good approxi- 
mation to the test results. However, it 
appeared that a more accurate evalua- 
tion of the deformation theory could 
be obtained by comparing the actual 
circumferential stress-strain relation 
(in the closed end tubular specimen) 
with the theoretical values predicted 
by the deformation theory. It was 
felt that a comparison of the circumfer- 
ential stress-strain relations is more sig- 
nificant than the effective stress-strain 
relation since it considers the maximum 
stress produced in the tubular specimen. 

The theoretical circumferential stress- 
strain relation based upon the deforma- 
tion theory and isotropy can be shown 
to be 
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(6) 


where & and n are the tensile material 
constants used in eq 2. 

The theoretical isotropic relations, 
based upon eq 6, were determined for 
each set of test results using uniaxial 
test results to obtain the & and n values. 
A comparison of the experimental and 
theoretical circumferential stress-strain 
relations indicates, in general, only 
approximate agreement. For this rea- 
son, an attempt was made in the follow- 
ing section to determine if the agree- 
ment between tests and theory could be 
improved by correcting the theory for 
effects of anisotropy. This type of 
correction was suggested by the faet 
that in most of the tests, directional or 
anisotropic behavior of the materials 
used were noted. That is, the uniaxial 
relations for the tubular 
specimens in the axial and cireumferen- 
tial directions were found to differ, 


stress-strain 


Pressure-Strain Relations 
The theoretical 
ential strain relation can be shown to be 


= 


the diameter and wall 
The theoret- 
terms 


pressure-circumiler- 


where d and ¢ 
thickness of 
ical maximum pressure, Dp», in 
of tension material constants and tube 
obtained from the 


the vessel. 


dimensions), can be 


condition that dp = 0. Applying this 
condition, it can be shown that 


Pm = 2.31 (0.577)" (*5 ) 8 


where o’, = the nominal ultimate 
tensile strength of the material and 
dy and t) = the initial diameter and wall 
thickness. 

A comparison of the theoretical 
maximum pressure, as expressed by 
eq 8, with the actual values, is given in 
Table 1. An examination of Table 1 
shows that, in some cases, the differ- 
ence between the theoretical and actual 
maximum pressure values is as much as 
15%. Because of the foregoing dis- 
crepancy, attempts were made to obtain 
more accurate values of the theoretical 
pressure by considering the anisotropy 
or directional properties of the material 
The following section considers various 
methods of allowing for effects of anisot- 
ropy of the material. 


Comparison of Experimental and 
Theoretical Stress and Pressure 
Relations Assuming Anisotropy 

The foregoing comparisons of theoret- 
ical and actual circumferential stress 
and pressure values showed only ap- 
proximate agreement between test re- 
sults and theory. For this reason, 
attempts were made to consider the in- 
fluence of anisotropy or directional 
properties of the material on the theoret- 
ical relations. 


Fig. 2. Thin-walled cylindrical pressure vessel 


Table | 


Material Tests by 
Davis 
( Isgood 


MacGregor 


Annealed copper 

Aluminum alloy 

Chrome 
Molvbdenum 
Steel 

1020 Steel 

1010 Steel 

Magnesium alloy 

Ship steel 

Ship steel 

148T-4 

148T-6 

T5ST-6 

24ST 

Medium-carbon 
steel 

Ship steel 
(semikilled ) 

Ship steel 


Davis, Troxell 
Davis, Troxell 
Cunningham, Dorn 
Griffis, Morikawa 
Griffis, Morikawa 
Marin, et al 

Marin, et al. 
Marin, et al 
Marin, et a/ 

Davis 


Griffis, Morikawa 


Griffis, Morikawa 


pressure, psi 
experimental ) 


Comparison of Experimental and Theoretical Maximum Pressures 
Assuming the Materials Isotropic 


Maximum 


pressure*, psi 


Maximum 
theoretical Difference, % 
3,925 4,500 15 
3,500 4,950 13 
13,000 13,500 4 


3,270 
2,618 
5,740 
8,575 
8,475 
6,025 
7,500 
8, 860 
6,495 
10,000 


101 


on 


8,700 
8,500 8,560 


8,350 8, 200 


NOTE: 


For publications on above test results, see Reference 5. 
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= 
3 Ll+n)/2 
4 k 
c= 
V '/2l(o1 — + — + (03 — 
(4) 
‘ 
a?) 
‘do 
: 
— 
— 
: 
3,100 
2,820 
5,700 
pe: on 
8,350 
8, 460 
5,600 
7,300 | 
7,700 
6,200 5 
15 
2 
we 


In the following anisotropic theory, 
the condition will be assumed in which 
the anisotropy is defined by three mutu- 
ally orthogonal planes ol symmetry at 
The lines produced by the 
these 
anisotropy 


every point. 
intersection of planes are the 
These 
not coincide with the 
body. In the 


internal 


principal axes ol 


axes may or may 
axes of the 

thin-walled tube under 
it will be assumed that the axes of 
anisotropy the 
circumferential and axial directions 


geometric 
pres- 
sure, 
radial 


coincide with 


Circumferential Stress-Strain Relations 
Plastic stress-strain relations for ma- 
terials with strain hardening and anisot- 


Hu 


ropy are determined In & paper by 


For a thin-walled tube under internal 
pressure, if can be shown that the prin- 
cipal strains in the tube in terms of the 
stresses are 
6 
) = o o 
a 
6 
a 
6 
= a ao o o 
3 
where 
a V + Ano 10 


In eqs 9 the @ values are anisotropic 
that different 
stress-strain properties the 


parameters prov ide for 


uniaxial 
axial, circumferential and radial direec- 
tion of the tube. 
spond to eqs 5 for th 
Noting that k5", 
and 10 the strain equations become 


equations corre- 
isotropi CSE 
then from e js 9 


Various 


parameters 


ang Zapoge 
ane 00 

methods of obtaining 


in eqs 11, 


T and 
t+ ang 
and 
the a 


based upon the 


following stress-strain relations, can be 


at ve lope d 


a 


c) 


Nine 


different 


Pure axial tension. 


Pure circumferential tension. 


Balanced biaxial tension. 


methods were 


devised 


for determining the a parameters based 


upon 


going test data 
A comparison of the actual and theo- 
retical relations based upon these meth- 


ods ine 
conside 


results 


that no 
ring anisotropy 
for all the 


licates one 


test 


gives the 


data 


various combinations of the fore- 


method of 


best 
This 


means that either the correct theoretical 


procedure ior interpreting the data was 


not found, that one procedure does not 


iaterials or that, in some 
inaccurate. 


appl to ill 
cases, the test data were 
However, it should be noted that some 


method of correcting for anisotropy does 


give b 


results 


is recommended 


for anisotropy be made in describing the 


etter comparison 
and theory 
led that 


some 


between 


test 


For this reason, it 
correction 


stress-strain relations where anisotropic 


parame 


‘ters are known. 


Pressure-Strain Relations 


In at 


of tubular 


an ant 


tem 


ilVSIS Was 


made to 


iting to describe the behavior 
specimens more accurately 
determine 


120 


| | 

the theoretical maximum or instability 
considering the anisotropy of 
material. That is, it was hoped 
discrepancies of up to 15% 
theoretical and actual 
values of maximum pressure, obtained 


pressure 
the 
that the 
between the 


when isotropy is assumed, could be 
reduced by considering the anisotropy 
of the material. It can be shown that 


(considering 
material) is 


the maximum pressure 


anisotropy of the 


Zhe,’ 
p = 9 
} \a ( d ) (12 


vhere 
+ B*ae 
a Ba + 2Ba Zane)’ 
13 
In eq 13 8 2 for a closed- 
end pressure vessel. The stress value 


r,’ in eq 12 is the nominal ultimate 


tensile strength corresponding to the 
axis selected in finding the @ 
For isotropic materials 

1 and eq 12 


reference 
parameters 
reduces to ¢ 15 

The theoretical maximum 
were calculated using eq 12 and test 
data. Different methods of evaluating 
the @ parameters were used wherever it 
The results of 
summarized in 


pressures 


was possible to do so. 


these calculations are 


pre Differ- pres Differ- 
sure ence, sure ence 
Case psi psi 
Test data 5600 7300 
Case Ia* 6150 10 
Case Ibt 6025 7 
Case Iet S 
Case I 6380 14 7230 l 
Case Il 5820 
Case III 6360 14 TR20 7 
Case I\ } 
Case \ 6060 s 
Case VI 5910 6 
Case VII 5710 2 7300 0 
Case VIII 6040 8 7300 0 


S74 24 ST 
nun Aluminum 
Allo Alloy 
Vazi- 


7700 
S740 
S860) 
SSOU 


8350 
S775 
S100 
4600 
S620 
8370 


8575 


mum 


Diffe pres- Differ- 
ence sure, ence, 
psi ( 
Isotropic 
6200 
13 6225 l 
15 6495 5 
14 6360 3 


\nisotropic condition 


8 1600 26 
14 6660 7 
5 6350 
25 9025 29 
12 6425 
6400 3 
15 6187 0 
11 6241 7 


Table 2 Comparison of Experimental and Theoretical Maximum Pressures Considering lsotropy and Nonisotropy in Materials 


Vediun Ship Sleel Ship Sleel 
Carbon Semi- (Semi- 
Stee! illed killed) 
Mazi- Mazi- 


mun 
pre S- 
SUTE, 


psi 


8700 
9900 
10,000 
9950 


10,300 
9500 
9600 
9400 
9550 
9550 
4500 
9400 


mum 
Differ- pre Differ- pres- Differ- 
ence ¢ ence, sure, ence, 
8500 8350 
14 8560 | S710 4 
15 $200 2 
14 8450 2 
18 SOLO 3 
9 7790 7 
10 9150 8 11,500 38 
7680 
10 8260 
10 7630 9 
8360 2 7950 5 
8 8360 2 7650 8 


* Theoretical value of maximum pressure based on axial tension properties. 


+ Theoretical value of maximum pressure based on circumferential tension properties 
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Theoretic: ralues of “aX um pressure are Dased on 1e mean value of the axial and circumferential tension properties. 
t Theoretical values of maximum | I 1 on th | f the axial and circumferential tension properti 


( 
4 
14ST-4 148746 
: {/uminun A 
A OV A lo / . 
Mazi- Vag Vax 
pst = 
517-8 


Table 2 where the theoretical and actual 
maximum pressure values are given. 

An examination of Table 2 shows that 
there is no one method of determining 
the @ parameters which gives the best 
agreement the experimental 
and theoretical values of the maximum 
pressure. However, improvements in 
the predicted values of the maximum 
pressure are found by selecting a par- 


between 


ticular method of correcting the anisot- 
ropy. It is therefore recommended 
that the selected method of correcting 
for anisotropy for a given material be 
decided based upon the test results. 
Design of Thin-Walled 
Cylindrical Pressure Vessels 

To determine the required wall thick- 
thin-walled pressure 


ness of a vessel 


based upon the plastic range, it is only 
necessary to replace the nominal tensile 


ultimate strength o,,’ by a design stress 
12. Then for the 
case of isotropic materials, by eq 8, the 
wall thickness required becomes 


value Ox in eqs 8 or 


pd. 

2 310.577 )"e 
Figure 3 gives graphical representa- 
tions of eq 14 for various possible values 
By Fig. 3, the required wall thick- 
ness ratio ty dy can be selected for a given 


ot n. 


pressure-working stress ratio p/o » and 
a known value of n. 

For cases in which test data are avail- 
able for finding the anisotropy parame- 
ters, eq 12 can be used for determining 


the wall thickness. Then the wall thick- 


ness becomes 


pd. 
Ze ka 


where k, is defined by eqs 13. 

A comparison of the ASME code with 
the proposed design eq 14 is given in 
Table 3. In making this comparison, 
the efficiency of the joints in the pressure 
vessel is not included. An examination 
of Table 3 shows that a difference of as 
much as 14° between the two methods 
of design is possible. 

Although the use of eqs 14 or 15 is not 
exact, it is considered to be more ac- 
curate than a procedure based on a 
strength theory that does not take into 


account the ductility or plastic stress- 
strain behavior of the material. In 
other words, eqs 14 or 15 
upon the maximum pressure that can 
be applied to the vessel. In making 
this recommendation, it is realized that 
local bending effects at the end of the 
pressure 
conditions and many other factors are 
not considered. 


are based 


vessel, stress-concentration 


Conclusions 

This paper considers the design of a 
thin-walled cylindrical pressure vessel 
subjected to internal pressure consider- 
ing the plastic range. The behavior of 
the vessel in the plastic range was con- 
sidered since the usual method of design 
based upon a theory of strength does not 


Table 3—-Comparison of Wall Thickness Ratios by Isotropic Theory and ASME 
Code Formula 


Wall thick- 
ness ratio 
ple hy ASME Code 

Ol 0 005 
02 
03 
O4 0 020 
O5 0 O25 
O6 0.030 
O7 0 035 
OS 0 O40 
0 045 
10 0.050 
Difference, * 


OO46 
OLSS 
0220 
0275 
O321 
O415 

8"; 


Wall thickness 


n 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


ratio ( plastic range 


OO54 
OLOS 
O2Z16 
0200 
O324 
O37S8 
O45 1 


0.2 n = 
Oll4 
O171 
(228 
Q2S85 
0342 
0399 
0455 
O485 } 0552 
+ 8°; + 14%, 


OO4AS 
0 
Ol44 0 
0 0204 
0241 0 
0 0306 
0337 0 0356 
0 0407 

0 0458S 

0 0509 

1 


0 OO51 0 
O102 


* Percentage difference between wall thickness determined by plastic design eq 14 and 


ASME Code. 


030, 


§ 


| 


00 


STRAIN HARDENING EXPONENT 0 


Fig. 3. Design chart for thin-walled cylindrical vessel and isotropic material 
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ide for the ductility of plastic he- 
havior of the material The following 
con lusions ean be made based as a re- 
sult of this study: 

1. Theoretical circumferential plas- 
thin- 
walled evlindrical vessel were derived 


tic stress-strain relations for a 
and the results compared with test re- 
sults from 14 investigations. Theories 
assuming both isotropy and anisotropy 
did not indicate that any one theory is 
in best agreement with all the test re- 
sults. 

2 Theoretical 
relations were derived considering both 
anisotropy No one 


pressure 


Isotropy and 
ment with all the test results. 


3. The wall thickness 
pressed by eq 14 is recomme nded as an 


relation ex- 


design relation where the 


approximate 
parameters of the material 
are not ay Test 
that this « quation may give errors up to 


anisotropy 


ailable results show 


5%. 

j A more accurate wall thickness re- 
lation eq 15, provides for anisotropy of 
the material This relation is recom- 


nended where anisotropy parameters 
are available or can be obtained. 


5. The comparisons of actual plastic 


circumferential stress-strain relations 
with theoretical values and a comparison 
of theoretical and actual maximum pres- 
not give conclusive results 


sures did 
For this reason, it is recommended that 
further experimental and theoretical in- 


vestigations be made on this problem 
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| 


1956, the 


The second delegation was im 
from Sept ll to Oct. 10, 
special interest of the delegation being 
in (a) development and production of 
commercial electrodes, and (6) deve lop- 
ment and production of submerged-ar 


fluxes by 


Information on 


fusion and sintering. To 


secure research ind 
development of filler metal, visits were 
made to Zniitmasch (Central Scientific 
Research Institute for Technology and 
Machine Construction Moscow 
which is one of the Institutes of the 
Academy of Science Practical 
application of welding was studied in 
Podolsk Boiler Works Leningrad Tur- 
bine Works, Li ningrad Vehiel Plant 
(Transmasch Neva Shipyard in Len- 
ingrad, Dnepr Shipyard in Kiev, Heavy 
Machine Construction Plant in Krama- 
Welding Flux 


Center of Glass 


Soviet 


torsk near Karkovy, 
Plant in Saparoshje 
Industry), Tanganrog Boiler Works, and 
Moscow Electrode Factory. 

The Ministry for Heavy Machinery 
in Moscow stated that approximately 
70 to 75% of the total volume of weld 


metal in Russia is deposited with manual 
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REPORT OF THE SECOND WELDING DELEGATION 
FROM EAST GERMANY ON THEIR TOUR IN RUSSIA 


electrodes, 25 to 30% 


with semi- and 
In the 
itself and 


fully tutomatic 


processes. 
heavy machinery industry 
for boiler and ship construction 60% 
is hand electrodes, 50) semiautomatic, 
automatie. At the 


70% was automatic 


and 35°; fully 
Dnepr Shipvard 

The Logger type ol ship was 
being built with SO°, fully 
The entire hull of other ships 
was being with manual elec- 
In the other plants we visited 


welding 
automati 
welding 
welded 
trodes 
manual electrodes made up 35 to 85% 
of the welding The breakdown for 
the welded Paton over the 
Kiev was: 


bridges 


Dnepr river 


Shop Sile Total 

Fully auto 75 41.8° 
math 

Semiliuto- 13.4 12.0 12.8" 
mati 

Manual 11. 6°, 15. 4° 


electrodes 
Weight of 


welds, lb 


26,000 158,000 


32,000 


CO, welding also has been applied in 
In Podolsk weld- 


semiautomatic 


tussian plants. 
displacing 
submerged-are welding. The 
being considered in 


ing was 
same 
thing was every 


plant that was visited. 


Phe appearance of the fully automatic 
welds in the plants that were visited 
was good, particularly in the two ship- 
yards. Semiautomatic submerged-are 
welding was used for fillet welds prin- 
cipally. The appearance of these welds 
was good in the two shipyards but not 
always good in the other plants. Man- 
ual electrode welds did not approach 
our standards and tended to be convex 
and undercut. The welders were well 
undergoing a two-year course 
with diploma. Every year (every six 
months in shipyards) the welder must 
which 


trained 


take an examiation, on 
wage level depends. Large electrodes 


particularly 3/16 In. In 
go iN. size con- 


are the rule, 
Kast Germany the 
stitutes the bulk of production. 


Electrode Production 
and Development 

The majority of Russian electrodes 
are made by the plants that use them. 
For example, the heavy machinery 
plant at Kramatorsk makes 60 to 80 
tons of electrodes per month for their 
own consumption. Usually they are 
hand dipped, but some have presses. 
This accounts for the varying level of 
electrode quality. The quality of raw 
materials also is not uniform. The 


(Continued on page 525-8) 
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MECHANICAL TESTS OF SPOT 


WRC-sponsored report interprets and discusses 


a number of destructive mechanical tests normally 


employed to evaluate spot-welded joints 


BY E. C. HARTMANN 


FOREWORD. There are many ways in 
which one might classify mechanical tests 
of spot welds: for example, destructive 
tests vs. nondestructive tests, quantitative 
vs qualitative tests, single-spot welds 
vs. multiple-spot welds, tests for control 
ol quality vs. information for design, static 
vs. dynamic tests, shear vs. tension tests, 
ete. This paper deals only with destruc- 
tive mechanical tests, discussed under 
eight arbitrarily selected headings. 
Military Specification Tests 

By far the most important mechanical 
test of spot welds in the United States 
is that covered by Military Specifica- 
tions, References | and 2. These tests, 
of course, are devised primarily for con- 
trol of quality and strength of spot 
welds, but they have become standard- 
ized and are used for other purposes as 
well. Basically 
quire that a minimum of two sets of lap- 


the specifications re- 


joint test specimens be prepared, one 
at each limit of the range of the machine 
settings for which approval is desired. 
Each set of test specimens contains not 
less than one hundred consecutive 
The multiple-spot specimen is 
cut into single-spot tension-shear type 


welds. 


specimens, most of which are then tested 
to destruction to determine the ultimate 
Each 


single-spot lap-joint specimen is sub- 


strength of each individual spot. 


jected to tensile loading so that the spot 
weld itself is supporting the entire load 
in shear. The spacing of spot welds 
and lap of the sheets are specified ac- 
cording to sheet thickness. <A table of 
minimum requirements for spot welds is 
specified Failure of any weld to meet 
the minimum requirements is cause for 
rejection of the set and the welding 
methods or equipment must be modified, 
and the test repeated, for the particular 
combination involved. The average 
strength of each set of welds shall equal 
or exceed the lowest acceptable average 
strength stated by the specifications. 
The limits of variation of the strength 
of the spot welds are also specified, 
Both equal and unequal sheet thick- 
nesses are covered by the specifications, 


E. C. Hartmann is Assistant Director of Research 
Aleoa Research Laboratories, New Kensington 
Pa 
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The purpose of the military-specifi- 
cation test just described is to insure that 
the spot welds meet certain standards 
for qualification of welding machines, 
certification of welding processes, quality 
standardization and production control. 
The results of the tests, however, par- 
ticularly the minimum values of strength 
specified, are no doubt widely used for 
design purposes. There is, of course, an 
element of danger involved in this pro- 
cedure because the designer has no 
assurance that the spot weld will per- 
form the same in a complicated assembly 
involving multiple spots us it does in the 
simple specification test specimen. This 
is the reason for testing other tvpes of 
specimens, particularly multiple-spot 
specimens, discussed later in this paper. 

The military 
scribed above is a highly useful one, 
admirably serving its intended purpose 
of insuring that e juipment and process 


specification test de- 


meet certain minimum standards. It is 
important, of course, that the specified 
test specimens are prepared under con- 
ditions as nearly as possible identical 
with those in the structure itself. Those 
responsible for the success of a spot- 
welding operation should go to great 
lengths to insure that cleaning methods, 
heat-treating methods, degree of cold 
working, surface conditions, etc. are the 
same on the specification test samples 
as in the structure they are intended to 
represent. Lack of care in observing 
suitable precautions along these lines 
can, of course, partially nullify the effee- 
tiveness of the specification test. An 
excellent discussion of some of the above 
matters is contained in Reference 17, 
from which the following quotation is 
taken: “The personnel in the spot- 
welding department can probably con- 
tribute more to the success or failure of 
a quality-control system than any of the 
controls of the individual phases.” 


Nonspecification Tests to Establish 
Static Strength of Single Spots 
Although the specification-type test 
discussed above is the test most com- 
monly made for 
strength of single-spot lap joints, one 


determining the 


finds in the literature other types of 
tests used by various investigators for 
somewhat the same purpose, although 
usually not for the detailed control of 
quality. Other investigators, for ex- 
ample, have used single-spot  tension- 
shear test specimens of different  pro- 
portions than those in the military speci- 
fication, but these minor deviations in 
proportions are of little importance as 
long as the specimen Is not rrasecte ) 
narrow that it fails in tension in the 
sheet when it is intended for testing the 
strength of the spot weld. Figure | 
shows a typical tension-shear specimen 
Sometimes the single-spot shear test is 
made in compression rather than in 


tension, as is the case in Reference S 


Fig. | Typical tension-shear test speci- 


men 


The next most popular tvpe of static- 
strength test of individual spots is the 
direct tension test, found in the litera- 
ture in various forms. Some investi- 
gators simply place two rectangular 
strips at right angles to each other and 
join them with a single spot at the 
center, thus permitting one strip to be 
pulled away from the other so that the 
spot is subjected to direct tension with 
a minimum of “‘peeling.”” Other in- 
vestigators use rectangular strips bent 
into a U shape, with a pair of U-shaped 
strips joined in the center by a single 
spot. This permits the specimens to be 
pulled apart with simple fixtures, sub- 
jecting the spot to direct tension. A 
third variation triangular- 
shaped pieces of sheet oriented so that 
the points of the triangles are out of 
register, thus permitting easy attach- 
ment of simple fixtures to apply direct 
tension stress to the central single-spot 
weld. 
lustrated in Fig. 2. Tension tests of 
spot welds are described in References 


involves 


These types of specimens are il- 
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Fig. 2. Typical direct-tension test specimens 


3.4.7.8, lO and 16 

It is doubtful if the direct-tension t 
specimen gives information any more 
useful than that trom a tension-shear 
type specimen Certainly, the informa- 


tion obtained is somewhat less direeth 


appli to design Ay ertheless 
man investigators seem to derive bene- 
ficial results from such a test, althoug! 


rarely do they use if to the exclusion ot 
the tension-shear test. In Reference 7 
it is stated that the tensir strength of 


a spot we ld should not be less than 25 


erage strength of single-spot 
tension-shear specimens welded under 
conditions, while Reference 4 
suggests 3007 as an average 

Another static-strength test of single- 
spot welds is called the torsion test 
One form of this test is deseribed in 
Reference S in which the 


specimen is 
similar to a tension-shear test but with 
the spot eccentric to the axial line be- 
tween the pin holes in the ends of the 
specimens. The spot is subjected to a 
combination of torsion and direct shear 
This test has been used to de monstrat 
the importance of applving axial load 
in the ordinary tension-shear test, but 
except for this, it does not seem to offer 
any advantage over the ordinary ten- 
sion-shear test 

Another form of the 
deseribed in’ Reference 14. where two 


torsion test is 
square or rectangular plates are joined 
with a single centrally locate d spot we ld 
One sheet is then rotated relative to the 
other in its own plane, until the spot 
weld is twisted apart. Sufficient plastic 
deformation oecurs in a test of this twp 
to permit a measure of total angle of 
twist, which may be taken as an indi- 
eation of ductility of the spot Since 
individual spot welds are rarely called 
upon in service to resist torsion loadings 
ot the 
thi data would hot seen to have iny 


tvpe represented by this test 
direct application to design but would 
be confined to investigational work only 
It seems doubtful that the test would 
have more than a very limited applica- 
tion, even in investigational work 

A third type of torsion test is described 
in References 3 and 16 and consists of a 
specimen similar to the tension-shear 


specimen One of the two sheets is held 


fixed while the other is twisted about 
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the spot weld in the plane of the two 


sheets, thus subjecting the spot weld to 
torsion Figure 3 illustrates this speci- 
He rain both ultimate torque 


ind angle of twist can be determined 
the latter ser ing 4s 


tility of the spot 


measure of due- 


Qualitative Tests of 
Individual Spot Welds 


There are several] types ot qualitative 


tests applied to spot welds to check on 
their gen soundness One of these 
is the peel’ test or “button” test. men- 


tioned in Reference 3, in which two sheets 


joined spot welding are “peeled 


ipart to expose the weld naaeeed for 
loser inspection or to see whether the 
spots will separate at th 
button” 
by tearing the entire nugget out of on 


individua 
sheet interface or will pull a 
or the other of the two sheets. In an 
unpublished report prepared by a lead- 
ing aircraft corporation, it is stated that 
a welding schedule is considered satis- 
factory if it produces welds that, in the 
peel test, fail other than in the plane of 
the sheet interface, are round at the 
interface, consistent in type and _ size, 
and have a diameter at least that of a 
peeled spot of known satisfactory 
strengths and quality made from. the 
same schedule Other investigators use 
the peel test 
general size and quality of the spot weld 


merely to Inspect the 


nuggets. 

Similar to the peel” test is the knife 
or chisel test mentioned in Reference 3, 
in which a wedging action is used to 
separate the spot-we lded sheets 

Bend tests are also used qualitativels 
to check the soundness of spot welds 
\ popular form of this test is one in 
which a specimen of two or more sheets 
containing several spots im line is see- 
tioned through the center of the line of 
spots and then smoothed down on the 
until all traces of cutting 
Usually 


surtace 
operation have been removed. 
the cut surface is etched to bring out the 
details of the spot welds for macroexam- 
ination. The specimen is then further 
prepared by making a second cut par- 
allel to the original sectioning cut, so 
that a uniform-width piece containing 
the half-spot welds results. The fin- 
ished width of this piece should be about 


‘ 


Fig. 3. Typical torsion-test specimen 


\ 

3 


Fig. 4 


Typical bend-test specimen 


Stressed-attachment type 


| 


Unstressed-attachment type 


Fig. 5 Typical sheet-efficiency test 


specimens 


in The specimen is bent edgewise 
at each spot with the exposed half spots 
on the tension surface, using a 4/j.-1n. 
maximum inside bend radius and a 45- 
ar £ be nd No cracks should be visible 
in the tension surface of the bent speci- 
men when examined at a magnification 
of 7 to 10. The test, illustrated in Fig. 
t, is fully deseribed in References 7 and 
17. This test, like the torsion test, 
provides a means of obtaining some 
measure of the ductility of the individ- 


ual spots. 


Static Sheet-Efficiency Tests 
References 9, 10 and 12 inelude a 
description of a sheet-efficiency type 
specimen designed to determine the 
effect of a spot weld on the strength of 
the sheet In these specimens, the spot 
weld is not transmitting the load from 
one sheet to another, as in the tension- 
shear type specimen, but rather is merely 
attaching two parallel sheets together. 
Some sheet-efficiency specimens are of 
the stressed-attachment type, in which 
the two parallel sheets are of equal 
length and share the load equally. 
Other sheet-efficiency specimens are of 
type, in 


the unstressed-attachment 
which one of the parallel sheets is 
shorter than the other and carries none 
of the load A 
efficiency test on a riveted or bolted 


comparable sheet- 
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specimen would be one in which the 
specimen is designed to determine the 
effect of the rivet holes or bolt holes on 
the tensile strength of the otherwise 
solid sheet, and might be thought of as 
a specimen for determining net section 
effect. Figure 5 illustrates a spot- 
welded sheet-efficiency test of specimens. 

Some specimens of the type just de- 
scribed contain a single-spot weld and 
others, multiple spots in a line across 
the specimen. The results obtained, 
particularly on the multiple-spot speci- 
mens, should be useful in establishing 
safe allowable static-stress values for 
engineering design for spot-welded parts 
other than actual joints. 

Among the sheet-efficiency type speci- 
mens simulating actual construction, 
one might include the static box-beam 
test specimen described in Reference 6. 
In this specimen, the spot welds attach 
the cover plates to the flanges of the 
formed sheet channels and therefore do 
transmit some shear stresses. In the 
center section of the beams tested under 
two-point loading, however, the spot 
welds are essentially unstressed so that if 
tensile failure of the cover plate occurs, 
one could establish the effect of the spot 
welds on the stress-carrving capacity of 
the cover plates unaffected by shear. 
In the static box-beam test described in 
Reference 6, however, the failures were 
in the compression rather than in the 
tension flange. 


Static Tests of Joints with 
Multiple-Spot Welds 

This type of specimen ts usually one 
similar to the tension-shear test speci- 
men for single spots, except that it is 
larger and contains multiple spots in one 
or more rows across the width of the 
specimen. The purpose of the test is 
usually to try to establish to what extent 
the strength values determined on 
single spots are applicable to multiple- 
spot-welded joints of types used in actual 
structures. Multiple-spot lap joints are 
useful for establishing optimum spacings 
and arrangements of spot welds. The 
specimens are sometimes designed to 
simulate actual conditions encountered 
in some specific structure, including 
stiffeners and other design features, or 
they may be of a more standardized type 
for routine checking of multiple spots 
They 
are usually cut from a wide joint with 
the test section reduced in width to 


Such 


compared to single-spot joints 


some multiple of the spot spacing. 
joints are described in References 4, 6, 
7, Sand 17. 


Static Double-Shear Tests 
Occasionally one encounters a reeord 
of static tests made on tension-shear 
specimens in which the spot weld is in 
double rather than in single shear; 
that is, the spot weld joins three sheets 
rather than two, with the center sheet 
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being pulled axially in one direction 
while the outside sheets are pulled 
axially in the opposite direction, Refer- 
ences 1, 2. and 12 mention such tests. 


Fatigue Tests 
Spot-welded joints have unfortunately 
achieved a reputation for being rela- 
tively poor in resistance to repeated 
loadings. This reputation is not en- 
tirely deserved since the best spot- 
welded joints sometimes perform as well 
in fatigue as similar riveted joints. 
Nevertheless, there has been a great deal 
of testing of spot-welded joints in fatigue 
involving many types of joints, inelud- 
ing most of those used for static tests 
of spot welds. Fatigue tests of tension- 
shear type joints under all tension or 
tension-compression, with single or mul- 
tiple spots, are described in References 
5, 6, 8, 11, 13 and 15. Fatigue tests 
of sheet-efficiency type specimens are 
9 and 12. 


In the tension-shear type specimens, the 


described in’ References 5, 


fatigue failure may be either by shear 
of the spot weld or by fatigue fracture of 
the sheet, usually originating along the 
periphery of the spot weld. In the 
sheet-efficiency type specimen used in 
tension, the failure is always by fatigue 
fracture of the sheet. 
specimens, sheet buckling can compli- 
cate failure. All these types of speci- 
mens are useful for setting up fatigue- 


In compression 


strength criteria for spot-welded  ele- 
ments in terms of load per spot or stress 
in the sheet. If the results are to be 
used in this manner, however, care must 
be taken that the test conditions simu- 
late those in the actual structure. 

Some investigators have supplemented 
fatigue tests of the tvpe just mentioned 
with fatigue tests on more complicated 
spot-welded assemblies in order to ob- 
tain a better understanding of how the 
spot welds function under design con- 
ditions. One example is found in the 
axial-compression specimens of Refer- 
ence 5 which had hat-shaped stringer 
sections spot welded to flat sheet. A 
second example is the tension-compres- 
sion fatigue tests of Reference 6 in 
which a long column-like specimen was 
prepared from pairs of formed sheet 
channels connected to each other and to 
adjacent pairs of channels by means of 
spot-welded eover plates The over- 
all specimen was about 4'/, in. wide, 
1°/\, in. deep and nearly 5 ft long. A 
third example is the spot-welded beam 
fatigue tests deseribed in Reference 6, 
in which box beams composed of cover 
plates spot welded to extruded or 
formed-sheet channels, were flexed re- 
peatedly under centerpoint or svym- 
metrical two-point loadings until fa- 
tigue cracks failure of the 
members. 


caused 


Impact Tests 
Reference 6 includes impact tests on 


some of the same tvpe of spot-welded 
box beams deseribed above under the 
heading of fatigue tests. The beams 
were subjected to a falling weight load- 
ing at the center point of the span in 
direct comparison with riveted beams 
Reference 18 describes impact tests 
that subject the spot welds to shear, and 
others that subject the spot welds to 
direct tension, The specimens used 
are generally comparable to those used 
for static tests. The tests are made with 
a pendulum-type impact tester with 
adapters. Reference 9 de- 
scribes impact tests on 200-ft lb 
capacity impact machine of the pendu- 


special 


lum type modified for tension-impact 
tests of sheet-efficiencs type specimens 

As in so much of impact testing, the 
results of impact tests of spot welds are 
difficult to interpret because energy can 
be dissipated in ways other than in- 
tended. Furthermore, in 
alloys the speeds of loading involved are 


aluminum 


not high enough to cause any change it 
properties so that the results would not 
he expected to reveal any information 


not readily obtainable from the mor 
easily controlled static test 
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extruded electrodes made at Zniit- 
masch welded in a different manner 
from the dipped electrodes Large 
plants used the standard Znititmasch 
formulas with occasionally a special 


There 
are at least four large plants producing 
only \Loscow 
Magnetogorsk (Ural The 

American 


sutomath 


formula for spec ial 


purposes 


electrodes Leningrad, 


Kiev and 


inst Is most modern has 


Lincol: presses and is 


By velopment and research on 
trodes is centered principally in Znut 


masch which employs 750 graduate 


engineers and 450 technicians. The 


welding section is headed by Prot 
Lubavskvy who has a staff of SO The 
electrode division is headed by Jaro- 


aides are Bajenoy and 
Zniitmasch 


le legatiol 


1 
VinskKV, Whose 


Lapidus The 
were most helpful to our 


personne! 


Zniitmasch Electrodes 
The se are the most 
The electrodes qua 


widely used in 


Russia lified under 
GOST Standard 2523-51 are 


Table 1 


apply to 


nh 


shown 
Nlost of the coating formulas 


dipping 


both extrusion and 


xcept for ome cellulose e ler 
sheet metal, the 
electrodes are 


lormity. 
trode for 
duced mil 
type with an 
low hydrogen. 


Mass-pro- 
l-stee] 6020 
increasing proportion ot 

OMMS and OMMB5Z 
are intermediate types with 37 to 39% 


ilmenite. 


Base Metals 
The 


principal Russian structur: 


il 
steels are listed in Table 2. The notch 
impact value is determined on the 


A crane 


ST3 dow! 


Mesnager specimen in Russia 
uses rimmed 
MII6S was 


manulacturer 
to 10° FF 
Paton bridges in Kiev. 


used in the 
The ster | Was 
addition of 


made fine grained by an 


about 2.2 lb aluminum per ton. The 
piate s and sections were used as rolled 

In Russian shipyards the old plain 
carbon steels ST3 and ST4 have 
displaced by steels SChLz to 
SChL4 containing 0.30-0.50 Si, 0.50 
0.80 Mn, 0.040 max P, 0.045 max S 
0.50-0.80 Cr, 0.30-0.70 Ni and 0.30-0.50 
Cu. Th 
is for 


been 


low-alloy 


carbe n content 
0.14%, for 


maximum 
SChLz and 


{ special ore is used to make these 
steels, which are similar to NL2 in 
Table 2. The vield point $3,000 
17,000 psi, tensile strength 60,000 


elongation in 5 diameters = 
Mesnager notch impact value 
10-12) mkg, cm As the carbon 


85.000 ps! 


is increased, tl weldability suffers. 
Accordingly the vards we visited used 
SChL4 only which can be welded 
without difficulty with both covered 


electrodes and the submerged-are proc- 
thickness 


ss The maximum plate 

vas 2 11 The manganese content of 
submerged-are weld metal was 0.7 to 
140 


Wrought and cast steel frequently 


ire combined in the manufacture of 
heavy machinery. The rolled plate 
s NSt3, the cast steel is 25L and 35L 
0.25 and 0.359% C), and plain carbon 
forgings contain 0.35-0.40% C.  Pre- 
heating for heavy sections of these 


steels was performed with water gas in 
Donetz Basin. Stress 
relief furnaces are gas fired, over 98 ft 
long, and heat 400 tons of material in a 


one plant in the 


which in our Opinion causes nonuni- SChL4 Continued on page 526-8 
Table 1—Standard Russian Covered Electrodes 
We Led 
{ eld meta Notch 
Tensile impact Tensile Bend 
Type trenath, El., value, strength angle 
Purpose no psi mkq/em? psi legrees Trade name 
Low-carbon steels E42 60,000 18 ~ 60,000 180 OMM-5, OMA-2, ZM- 
7, ZM-8 
Low-alloyv, medium- 71,000 20 13 71,000 150 ZU-1 
carbon steels 
High-tensile steels E85 120,000 10 5 ZL-18, ZL-18 Mo 
High-tensile steels E100 142,000 ; ZL-19 
Mo steel P50 71,000 8 71,000 160 ZL-6, ZU2-M, ZL-14, 
ZL-12 
2% Cr °) Mosteel EP55 78, 000 16 6 78, 000 120 ZL-13, ZL-17 
1% Cr “7 Mo EP60 85,000 14 5 85,000 100 ZU-zxm, ZL-20 
0.2°%, V steel 
Type 347 Stainless steel KAIB 85, 000 24 7 85, 000 160 ZL-9, ZI-11 
Type 310 Stainless steel KAS 78, 000 30 12 78,000 160 ZL-8 
15% Cr, 9% Ni, 3% hA4 100,000 20 6 100,000 140 ZT-1 
Mo, V steel 
Type 430 93 , 000 12 ZL-10 
High-speed tool steel IN P62 57 Re as deposited, 35 Re annealed, 62 Re min after heat ZI-1M, ZI-1U, ZI-1L 
Stellite ENE45 treatment, 45 Rockwell C min ZN-2, ZN-3 
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EFFECT OF PRESSURE ON THE DIFFUSION 
OF ZINC IN ALPHA BRASS 


Results of research investigation show that moderate pressures 


have negligible effect on diffusion phenomena 


BY A. G. GUY AND CARMINE SPINELLI 


ABSTRACT \ Russian investigator re- 
ported that the diffusion of zinc in brass 
changes radically as the pressure Is varied 
over a range ot relatively low pressures 
In an ittempt to duplicate his work, 
sandwich diffusion specimens ol brass- 
copper-brass were diffused under uniaxial 
compression for 7 hr at 850° © No 
difference in diffusion behavior was ob- 
served for pressures of 9 or 142 Ib in.? 
It is suggested that the conflicting results 
ean be explained by transport of zine 
along weld interfaces in specimens welded 
and diffused at lower pressures 


Introduction 

The Russian metallurgist Geguzin_ re- 
cently reported a large effect of pressure 
on diffusion of zine in alpha’ brass. 
He reasoned that the formation of po- 
rositv, which is caused by the more 
rapid diffusion of zine, Increases the 
volume of the diffusion specimen. The 
application of pressure during the diffu- 
sion process should decrease the amount 
of porosity and consequently should 
decrease the rate of diffusion of the 
faster-diffusing component, zine. This 
idea was tested experimentally by Geg- 
Cylin- 
drical specimens ot copper and 70-30 


uzin in the following manner. 


brass with polished Iuces were assem- 
bled inside a tool-steel c\ linder to form 
a “sandwich” specimen with the 70-30 
brass as the center member. Tool- 
steel punches that fit inside the cylin- 
der above and below the diffusion speci- 
men were used to exert pressure on the 
specimen during the diffusion treatment. 
The entire assembly was heated in an 
atmosphere of flowing hydrogen gas to 
S50 + 5° C and the pressure Was then 
applied, This caused the specimens to 
deform slightly since thes did not fit 
the evlinder perfectly. The specimen 
was then allowed to diffuse for 7 hi 
under constant pressure 
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After diffusion, a longitudinal sec- 
tion was prepared lor metallographic 
examination and was etched with am- 
monium persulfate in ammonia. From 
the thickness, 2, of the diffusion laver 
of zine in the copper specimens the 
diffusion coefficient was estimated as 
Das—cu 
diffusion. It was found that as de- 
creased with increasing pressure, P, 
from about 100 u at P 0 to 70 uw at 
132 lb in.? (12kg/em?*). Pressures 
greater than 132. Ib, in had little 
additional effect. 
pronounced effect on the development 


t. where ¢ was the time of 


Pressure also had a 


of porosity. Porosity was greatest for 
0, it decreased for P 28 in.? 
and it was absent at 132 |b in.* 
Other re ported 
important effects of high pressures on 
diffusion. Buffington and Cohen? found 
a 15-fold increase self-diffusion in 
alpha iron under uniaxial compressive 


investigators have 


stress when appreciable plastic strain 
occurred. 
plastic strain they observed no effect 
of pressure on diffusion. Storchheim, 
Zambrow and Hausner*® observed that 
high pressures could prevent the for- 


However, in the absence of 


mation of one of the diffusion layers 
during interdiffusion in an aluminum- 
nickel couple. In the investigation of 
Nachtrieb and Lawson* high pressures 
were found to decrease the rate of self- 
diffusion in white phosphorus, although 
this decrease was attributed to the 
effect of pressure on the melting point. 
Similar results were also obtained for 
sodium.® 

It has generally been coneluded, as 
in the work of Buffington and Cohen, 
that moderate pressures have negligible 
Seith 
and Etzold‘ reported that pressures of 
800 to 1000 atmospheres did not change 
the rate of diffusion of gold in dilute 
solution in lead at 280° C. Similarly, 
Radavich and Smoluchowski’ found no 
effect of a pressure ol 16,500 Ib in.2 
(1500 kg/em?) on the diffusion of 
copper in aluminum at 500° C, although 


effect on diffusion phenomena. 


Table 1—Analyses of Alloys 


Composition 
OPHE 


( opper 


O7 O05 


t pressure of 77,000 lb in TOOO ky 
em decreased the rate somewhat 
Thus, Geguzin’s results are unusual 
in showing a pronounced effect on dif- 
fusion of pressures in the range up 
to 132 Ib/in.? 
interest in these results in the authors 


There was a special 
laboratory because of a current  re- 


search involving the preparation 

diffusion specimens using pressures In 
this range... Some observations made 
in the course of this research suggested 
an explanation of the anomalous re- 
sults obtained by Geguzin, and there- 
fore it was decided to perform similar 


experiments to check these ideas 


Experimental Procedure and Results 

The welding described 
previously* was used to apply uniaxial 
a sandwich-ty pe dif- 


apparatus 


compression to 
fusion specimen. The specimens were 
made from 1-in. rod of commercially 
extruded OFHC copper and 70-30 
brass. Table 1, and consisted of a 
copper cylinder ', in. in height sand- 
wiched brass 
cylinders. The 
as the center member of the sandwich 
so that no porosity would form between 
the two interfaces. The shift of the 
interfaces could then give information 
on the amount of zine that diffused into 
the copper uncomplicated by porosity 


between two 


copper Vis chosen 


effects. The specimen surfaces were 
carefully prepared as described previ- 
ously, and they were etched for 5 se 
by swabbing with cotton dipped nm a 
solution of 1 part nitric aid and 3 
parts water. 
by immediate rinsing with hot water 


Staining was prevented 
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and drving in an air blast The sand 


Table 2—Data on Sandwich Specimens Diffused under Uniaxial Compression 


at 850° C 


wich was then assembled, loaded in the 


welding device with either 9 or 142 


lh oon heated to approximate! 
Welding Initial heialh Total shift liffusion 
Since only slight deformation of the Specimen pre ire of coppe er nlerface ayer, 
specimens occurred during heating no h/in cylinde 10 in. 104 
it was expected that the diffusion be- 62 142 0 
: havior would not be changed by en- 63 9 0.2591 0 2611 +20 27 
easing specimen 4 steel 
This view was confirmed by a test u 
5, which a tool-steel eylinder with a 
a in. Wall was placed around the mai The last column in Table 2 gives the of disagreement in some portion of 
portion of the diffusion specimen depth of the diffusion layer, as judged Geguzin’s procedurs 
. Fracture of the specimen at one inte by etching effects, the measure of dif- In a previous research® it was es- 
i face during subsequent handling pre- fusion used by Geguzin. The tech- tablished that a significant quantity of 
z vented the obtaining of complete. in- nique used for this purpose was to zine can be irried out of a diffusion 
a formation on it, but mieroscopic ob- stain the surface by ‘“‘misuse’”’ of the sandwich along a weld interface. Ob- 
4) servation showed the same amount. of ammonia-hydrogen peroxide etching re- servable amounts of zine were trans- 
diffusion and porosity as in specimens agent and then to measure the distance ported along the best interfaces that 
subjected to uniaxial compressior from an intertace to the etching limit could be prepared but the amounts 
The diffused specimens were sec- revealed in this manner. The amount were very much greater for poor weld 
tioned longitudinally and were metal- of diffusion determined by this method interfaces. This result suggests that 
lographieally polished using diamond was the same in the two specimens in Geguzin’s experiments the principal 


effect of pressures of 132 Ib/in.? or 


abrasive to avoid pitting. The meas- Specimens were examined for porosity | 
urements listed in Table 2 were ther in the unetched condition, after light higher was to produce a good weld 
made using a measuring microscope chemical etching with the ammonia- that prevented serious loss of zine along 
having « precision of +1 micron.’ The hydrogen peroxide reagent, and after the weld interface. The further the 
total shift of the pair of interfaces was etching, using the standard electropolish- pressure was reduced below 132 |b, in.? 
determined by subtracting the origina ing procedure but only for a short the less satisfactory was the welding 
height of the copper evlinder from the time, 40 see. In each condition the ind the greater was the loss of zine 
spacing of the two interfaces in_ the same amount of porosity was observed ilong the weld interface into the 
diffused specimen. The expansion of regardless of the pressure applied during flowing hydrogen atmosphere. A high 
the diffusion treatment. Figure | shows rate of zinc loss through the interface 


0.0020 in. observed in the specimer 
loaded with only 9 Ib in.? can be at- 


tributed to the faster diffusion of zin ical 
diffused under pressures of 9 and 142 it is known that extensive porosity 


these conditions. Thus, 


would begin to approximate the con- 


the microstructures developed by chem- 


etching in specimens 62 and 63 


ditions for dezincification of brass, and 


and it agrees with previous results on 
oad Ib in respectively. The major po- forms unde! 


the diffusion of specimens without 


en loaded with 142 rosity developed in the brass portion the increased porosity at low pressures 

would be explained 
It is likely that the greater depth of 
Discussion of Results ; 
penetration of zine into the copper 


The sandwich specin 


specimen. 


Ib in.? experienced an over-all compres- of the 
sion of 0.0300 in. during the course ot 
the diffusion. Assuming that 10°, 


of this compression occurred between The present study indicates that thers 
ix no detectable change in diffusion be- 


viinder at low pressures 1s also to be 


the two interfaces, the expansion caused explained on the basis of dezincifica- 
by pper is exposed to the vapor 


w diffusion would have been offset and havior in copper-brass sandwiches tion If CO} 


e reservoir of 70-30 brass 


2 a net contraction would have resulted for compressive stresses in the range up from a larg 
‘ Thus, the additional effect of over-a to 142 |b in.? 2.7 kg, cm?). Sinee chips, its surface zinc content remains 
plastic deformation interfered with using this result is consistent with most of it 300% Zn during the diffusion period 
the amount of interface shift as a meas- the previous work on this subject but and consequently a maximum amount 
ure of the amount of diffusion in this disagrees with the findings of Geguzin of zine diffuses into the copper in a 
it is reasonable to look for the source given time On the other hand, if 


specimen 


(b) Specimen 63, diffused under 9 psi 


(a) Specimen 62, diffused under 142 psi 
Fig. 1 Microstructures at interfaces of sandwich specimens diffused for 7 hr at 850 C under uniaxial compression. Etched 
with NH,OH-H.O.. X 250. (Reduced by 25% upon reproduction) 
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copper is we lded to a 70-30 brass rod, Void Formation in Diffusion ¢ ouples, Nickel, Ibid. (February 
the zine content of the copper surface appeared in the January, 1958 issue of 4. Nachtrieb, N. H. and Lawson, A. W 
one Effect of Pressure on Self-Diffusion in White 
is only about 20°, Zn during the diffu- Acta Metallurgica, after the present Phosphorus,” J. Chem. Phys. 23, 1193 (1955 
5 Nachtrieb, N. H et al “Self- Diffusion 
sion period and consequently a smaller paper had been submitted for publica- <n Bolid Sodium i. Tie Effect of ae 
amount of zine will diffuse into the tion. This paper also discusses the Lene, Meith, W. ang Etsold, H., “M f 
var . Seith anc stzok obilit of 
copper. Thus, it is likely that zine work of Geguzin and gives the results Gold in Solid Lead,” Z. Elektrochem., 40, 829 
vapor came from the body of the brass of additional interesting experiments. "7 Radavich, F. J. and Smoluchowshi, R 
and maintained a somewhat higher 1. Geguzin, Ya. E., “Pressure Effects on the 8 Guy, A. G. and Eiss, A. I Diffusion 
Mutual Diffusion of Metals as Related to the Phenomena in Pressure Welding Tue 
zinc content at the copper suriace in Production of Diffusional Porosity Doklady JoURNAL, 36 (11), Research Suppl., 473-8 (1957 
the specimens diffused at low ssure Akad. Nauk U.S.S.R., 106, 839 (1956 9. Guy, A. G. and Yue, A. 8., “Precision 
a ised . lo pressures. 2 Buffington, F. 8S. and Cohen, M ‘Self Measuring Microscope Rev. Sci. Inat ay. 
A paper by R. S. Barnes and D. J Diffusion in Alpha Iron Under Uniaxial Compres- 239 (1956 
ae - T sive Stress,’ J. Metals, 859 (August 1952 10 Metals Handbook, Suppl. 1, 1954 Entr 
Mazey, The Effect of 1 ressure [ pon 3. Storcheim, S., Zambrow, J. L., and Haus 6 on p. 170, American Society for Metals 
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charge. All electro-slag welded parts sures up to 2400 psi and temperatures 12 MCh contains 0.40-0.60 Cr, 0.40- 
of MSt3 must be stress relieved at up to 700° F, Table 3. A minimum 0.55 Mo and is used for wall temper- 
1100-1200° F after welding. If the vield strength of 43,000 psi is specified atures up to 1000° F. Steel 15MCh 
steel contains over 0.25°7, C it must be at 700° F. The steel has good hot contains O.80-1.10 Cr, 0.40-0.60 Mo 
normalized at 1620-1650° F, then stress forgeability and, if preheated, has good and is used up to 1040° F. Electrodes 
relieved following electro-slag welding. weldability. There is no tendency for these steels contain alloying ele- 
Steel castings must be normalized towards aging or hot brittleness. The ments either in the coating or in the 
before electro-slag welding. cooling rate after normalizing is 430° F corerod. The latter is favored as reduc- 

The popular steel for boiler con- per hr. ing the possibility of nonuniformity due 
struction is the Mn-Ni-Mo steel called Boiler tubes for temperatures of to coating nonuniformity. For temper- 
16 GNM _ developed by Zniitmasch. 1000-1040° F are made of plain carbon, atures up to 1060° F a steel with lower 
It is used up to t in. thick for pres- molybdenum or Cr-Mo steel. Steel molybdenum but with vanadium and 


Table 2—Russian Structural Steels 


Notch 


impact 


value, 


mkg/cm 


Chemical composition, Test Yield Tenarle 

GOST Thickness Vaz Mar thickness atrength strength 

ame standard ( Si Vr \ Cu P Ss pa par 
54.000 
57 
5OO 


000 5S 


0 050 


0.22 0 65 61.500 
63,000 
67 000 
54,000 


O00 


0 050 58. 500 


80-50 & 


500-52 61.500 


63,000 


000 
0040 0 045 Plate « 33,000 54,000 22 SI 


54.000 


000 54.000 22 


Bridge 6713-53 Plate 5/x% O14 0 15 0 40 0045 0 050 Plate 


steel 


Sts 
Bridge 6713-53 Section Section 240«101 1 


steel 


8t3 15/s 
NL2 5058-49 Plates 0 12 0.30 50 0.50 0.30 0.30 0.040 0 045 Plates 
0.18 0.50 0 80 0 80 0 70 0.50 90 000 i 


50,000 68,500 1s 
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vag % 
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Me : 
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448 4 
Ms 23 7 
Rin 10 bd 
O07 
Killed to 0 14 0.12 0 40 0 30 0 30 0 30 22 >i 0 
13 
33 M168 6713-53 Plate § 0.12 0.12 0.40 0 30 0.30 0.30 : 
to 44 0 20 0.25 0 70 max max max to 4/4 71 
M168 6713-53 to 6/16 to 3.000 MZ! 24 10L 4 
15,5 
section section 
7 
Ex 
hy I longitudina I transverse 


columbium is used. For 
up to 1130° F, 120, Cr 
These steels are annealed after welding 
For temperatures up to 1110° F 
itic steels also are being used 
Austenitic 
iorm, 


temperatures 
steel is used 
, austen- 
steels are used in wrought 
forgings and castings, not only 
for boilers, but for steam and gas tur- 
The steels contain 16 Cr, 13 Ni 
The Zniitmasch elee- 
trodes for these steels contain 2 to 5% 
ferrite to avoid hot cracks. One typ 
of electrode is ChiS N12M (18 C1 
12 Ni, 2 Mo) or ZT-7 KTI-5 
with vanadium) or ZT-13 (with vana 
dium, tungsten and cobalt The other 
type is Ch18 N9 (18 Cr, 9 Ni, 1 Cb 

Austenitic cold 
before welding to cause grain refinement 


bines 


without ferrite. 


and 


eastings are pet ned 
during welding, which prevents cracks. 

The creep laboratory at Zniitmasc! 
has machines for creep testing over 200 
Service 


specimens. atmospheres are 


duplicated in the furnaces. 
CO, Welding 
At the time of our visit new 


ment being used at the 
Soiler Works to fabricate boiler bree h- 


equip- 


was Podolsk 


ing trom 0.0S8-in steel sheet The 
electrode was 0.08 in. diam, contained 
0.80% Si, 1.0% Mn, and was being 


used at 300 amp, 20 to 40 ipm, 53 cu ft of 
COs per hr. There 
spatter and the weld surface was rougher 


was considerable 


than with covered electrodes. A hous- 
ing made of s-in. sheet also was be- 
ing welded with CO, In the Krama- 


torsk plant four CO. torches were used 


for repairing defective steel castings 


The Ministry for heavy machinery has 
issued a directive urging the adoption 


of CO. welding wherever possible. 


Meanwhile the Institute is investi- 
gating the welding of low and high 


allov steels The electrode must con- 
tain sufficient deoxidizers to prevent 
loss of alloving elements. The only 
practical deoxidizers are silicon and 


The electrode for welding 
boiler steel contaiming 0.15 C, 0.30 Si, 
0.60 Mn, 1.00 Cr and 0.45 Mo contains 


manganese 


0.8% Si, 1.8% Mn. The deposit con- 
tains 0.40 Si and 1.00-1.20 Mn. Very 
little chromium is lost. If the wire 


contains 1% Cr, the deposit analyzes 


0.8-0.9°7 Cr, and no molybdenum is 


lost. CO. welding has been used for 
13 and 17° chromium steels, for 
1I5MCh steel, and to weld 13% (Cr 


blades to 1% Cr steel. The 
electrode in this instance contained 2% 
Cr. For de 


turbine 


cored 


elopment purposes 


Table 3—Russian Boiler Steel, 16 GNM 


0.17-0.37 
tensile Vn, 
strength, 


gation, 


00.90 


elon- 


5S 
Mo, 0.035 
mar P, 
1.0-1.5 Ni, notch im- 
reductior 0.040 mar S 


Brinell 


pael value, 


of area, min mka 


lectrodes are used in which a mild 
steel strip is wrapped around a core of 
powdered alloying elements. Zniit- 
masch has used cored electrodes to weld 
austenitic stainless steel with 
However, the slag is very tenacious, 
and therefore the process is not used 
for multiple layer welding of Type 304 


stainless steel 


Cored Electrodes 
used in development work 
CO 


These are 
welding but also for 
surfacing. 
not used in pro- 


not only for 


submerged-are welding and 
Cored electrodes are 
duction unless it is impossible to pro- 
duce a the 


osition, or unless the solid wire is more 


wire ol same com- 


solid 
r three cored electrodes, 


Re- 


(only 


xpensive. 


Table 4, are used in production. 


sults with cored electrodes never are 
quite so good as with solid wire, be- 
cause it is difficult to maintain uni- 


formity of core The cored electrodes 
must be used as soon as possible after 


manufacture to avoid moisture absorp- 


tion. The usual procedure in develop- 
ing a welding wire at the Paton In- 


stitute consists of the following steps: 
1. Cored prepared 


ana 


clectrodes are 

tested 

2. The best composition is are cast 
and drawn to wire. 

3. The tested in 
stitute or in plants. 

Tentative 
pared if the wire is satisfactory. 

5. After 
written by 


the In- 


wire Is 
specifications are pre- 


a year or two a standard is 
cooperation of the 
Institute and industry. 


Submerged-Arc Flux 


O0.12-0.20 ( min psi man min ‘ cm? = hardness This dk legation unlike the first, did 
Longitudinal 74.000 »”~) 15 7 160-180 not restrict itself to the Paton In- 
Tangential 71,000 16 35 5 stitute for information on submerged- 
are welding, but investigated the sub- 
ject in plants as well, particularly at 
Saparoshje. The Russian fluxes are 
produced in are furnaces and in gas- 
Table 4—Russian Cored Electrodes fired open hearth furnaces. The sit- 
Chemical Composition, ‘ uation in Russian differs from that in 
Type Ww | V Gr wed the following un 
PP3CH2W8 07 0.3 I 2.8 9.8 0.3 2.0 deniable respects 
PP CH 12WV 2.4 03 0: 15.0 1.3 0.3 2 0-3.0 |. East German steels are not so 
PP RIS 1 04 0 13 19 0 15 35-40 low in sulfur and phosphorous as 
the Russian steels. 
Table 5—Composition of Zniitmasch Submerged-Arc Fluxes, % 
OSZ45 FZy FZ4 FZ5 FZ? FZ6 FZ12 
13-45 15-48 14-47 18 13-45 34-37 
ALO 10-12 15 $5 3 2.5 6-7 
MO l l 2 <1 IS 16-18 
CaO 5 6 <4 1 32-34 
MnO 10-453 59-41 50-33 10-43 26 44-47 
Fe) 1.5 1.5 5 1.5 
Cal 5-8 2-3 2-3 5-6 2.5-3.0 6.0-6.75 
S max 0.15 0.10 0.10 0.15 0.10 0.10 0.10 
P max 0.10 0.10 0.10 0.10 0.10 0.10 0.10 
+ K.O 1 0-1.2 1.0-1.2 0.6-0.8 0.35-0.4 
TiO. 
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Table 6—Composition of Paton Institute Submerged-Arc Fluxes, % 


ANBGSA 
Fully Semi- 
automatr automat 
11-45 45 21 
5-7 5-7 9 
37 
15 10 
3.54.5 25 
S max 0.15 015 
P max 0.12 0 12 0.05 


KO 


AN22 1.V10 1.V30 
18-21.5 20-23 2-5 
19-25 19-21 30 44 
11.5-15 0.5-1.2 16 
12-15 16-205 
20.5-33.5 

10 10 10 
20-24 IS-24 19-23 
00S 0.15 0 OS 
0.05 0 20 0.05 

0 1.3-1.7 0406 


tussia has available large quan- 
tities of 
large proportion of flux used in 
the plants is about 80°; manga- 
nese metasilicate, MnOsSiO, with 
CaF... The remainder con- 
constituents 
from the ore. Fluxes in East 
Germany must contain no more 
than 10 to 15°] MnO and must 
produce good results with wire 
containing 0.557 Mn. This ex- 
plains the use of sintered fluxes 
in East Germany. 


manganese ores. A 


sists of access ry 


tussian welding — specifications 
require good fit-up and freedom 
from rust for  submerged-are 
welding. This is not the case in 
East Germany. 

Line voltages are more nearly 
constant in Russia than in East 
Germany. 

The open-circuit voltage of weld- 
ing transformers is higher in 
Russia than in East Germany. 
fesearch in Russia has proved 
that porosity due to rust, mols- 
ture and organic materials is 
least on reverse porosity, greater 
on straight polarity and most pro- 
nounced on alternating current. 
These facets are the basis of 
welding specifications in Russia, 
but are not taken into account 
to as great an extent in East 
Crermany. 


Welding wire in Russia is packed 
in moistureproof containers, but 
this is not done in Kast Germany. 
S. In Russia the flux is dried at 
390° F by the user before welding. 
The composition of fluxes developed 
by the two Institutes and in use is 
given in Tables 5 and 6. The standard 
fluxes are OSZ45 and AN34SA. The 
former is preferred climatic 
conditions favorable to porosity. 


under 


Many large plants melt their own 
flux in batch type are 
accordance with specifications worked 
out by the Institutes. 
tates centralization of flux production 
in continuous Accordingly 
the flux factory at Saparoshje, which is 
part of a glass factory, melts the stand- 
ard fluxes OSZ45 and AN34S8SA in gas- 
fired open hearth Special 
fluxes which cannot be melted by gas 
are melted in 400 and SOO kw three- 
phase are furnaces. The silica’ brick 
bottoms and sides last a month; the 
roofs last 9 to 12 months. The molten 
flux pours from the furnace in a con- 
tinuous stream at 2200° F into a 
horizontally flowing stream of water. 
fluxes require the 
higher temperatures attainable in are 
Fluxes free from MnO can- 


furnaces in 
Economics die- 


furnaces, 


furnaces. 


The pumice-like 


furnaces. 
not be granulated in water. 

The grain size of the flux is important. 
Dust and large particles are removed. 
The high manganese fluxes are less 


sensitive than the others to variations 
in grain size. In contrast with Hast 
Germany, finer grain size is used for 
semiautomatic than for full automatic 
welding. 

Research has shown moisture, rust 
and nitrogen to be the causes of porosity 
The gas in the welding zone analyzes 
30-8507, CO, up to 259% and up to 
15°) No. Tf the gas contains less than 
6.50 He. and 5.70 N. there will be no 
porosity. High percentages of S10 
and CaF, in the flux decrease porosity 
MgQ has less tendency than CaQ to 
cause porosity. The viscosity of the 
flux has no effeet on porosity The 
finer grain sizes cause less porosity 
although dust is harmful. 

For production welding the aim is to 
have 0.6-1.0° Mn in the weld metal 
the ratio of Mn:Si being 1.5 to 3.0 
To prevent cracks with especially deep 
penetrating fluxes the weld metal should 
contain not over O.160, © High 
alumina fluxes are preferred for alloy 
steels, because less alloving elements 
are lost than with high-silica fluxes 
For low-temperature service the weld 
metal should have | Mesnager nots hy 
impact value of not less than 3 mkg 
em? at —40° F. For this purpose high- 
alumina fluxes are better than high 
silica. 

Fluxes for electro-slag welding — re 
quired lower melting point and higher 
boiling point, less are stabilization and 
must be “longer” in the glass sense 
than ordinary 
Kast Germany has solved the problem 


submerged-are fluxes 


of producing electro-slag fluxes with 
different raw materials than are avail- 


able in Russia. 


Summary 

The second delegation studied and 
discussed the whole complex question 
of submerged-are welding. The dele- 
gation wishes to thank the staff of the 
two Institutes and of the various plants 
that were visited from the Gulf of 
Finland to the Sea of Azof. The 
exchange of experiences with metallur 
gists and welding engineers will serve 
as a stimulus to research. 
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Carl Brainard, Sacramento, California, cut- 
ting steel plate with 44-year-old Victor torch 
butt and 38-year-old cutting attachment. 


3 
net 
(22 >. 


= 
= This old-time torch 
tells why. . 


The man 
on the job 
likes Victor 
Equipment 


IT’S LONG-LIVED—Back in 1914, Brainard Bros., Sacramento, _ tions required in fabricating and repairing mining, logging and 
Calif., bought one of the first Victor welding torches, direct sawmill equipment. 

from L. W. Stettner, pioneer welding torch and safety regula- 7's RELIABLE—Victor's current model cutting tips and weld- 
tor inventor, now president of Victor Equipment Company. Six ing nozzies fit it perfectly—proof of Victor's lasting reliability. 


years later Brainard Bros. added a cutting attachment. 
You, too, can get this kind of service from Victor welding and 


IT’S FLEXIBLE—This outfit (shown here) has been in constant cutting equipment. Ask your dealer to demonstrate why it 
use ever since on the wide range of welding and cutting opera- pays to standardize on Victor 


VicIOR EQUIPMEN] COMPANY 


Mfrs. of welding & cutting equipment; high pressure and large volume gas regulators; hardfac 


for welding ing rods, blasting nozzies; cobalt & tungsten castings; straightline and shape cutting machines 


844 Folsom St., San Francisco 7 + 3821 Santa Fe Avenue, Los Angeles 58 
1145 E. 76th St., Chicago 19 


J. C. Menzies & Co., Wholly-Owned Subsidiary 


For details, circle No. 65 on Reader Information Card 


WELD ANYWHERE 


with the new Aircomatic MiGet 


The lightweight, versatile Aircomatic MIGet, for gas-shielded arc welding, operates (pronounced “midget” 
50 ft. from control panel, with control panel 100 yds. from power supply! 

The MIGet carries its own drive rolls and one-pound reel of .030”, .035”, 3/64” or 
1/16” aluminum wire; or two-pound reel of .030”, .035” or .045” hard wire. Feed 
speed to 900 inches per minute .. . 200 amperes. DC. Air cooled. Gun, without reel, 
weighs about three pounds. Control cabinet, 17 pounds. Here is THE gun for short- 


length welds in hard-to-get-at places. On the west coast — 
Air Reduction Pacific Company 


Send today for technical literature on the Aircomatic MiGet. Or phone your nearby Air Reduction Sales Office. Internationally — 
Airco Company International 


Air REDUCTION SALES COMPANY 


In Canada — 
Air Reduction Canada Limited 


All divisions or subsidiaries 


A division of Air Reduction Company, Incorporated 
150 East 42nd Street, New York 17, N. Y. of Air Reduction Company, inc. 


Offices and declers in 
most principal cities 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT ® Products of the divisions of Air Reduction Company, Incorporated, 
include: AIRCO — Industrial gases, welding and cutting equipment * AIRCO CHEMICAL — viny! acetate monomer, vinyl stearate, methyl butynol, methyl 
pentynol, and other acetylenic chemicals * PURECO-—carbon dioxide-gaseous, welding grade liquid, solid (‘‘DRY-ICE’’) * OHlO—medical gases 
ond hospital equipment * NATIONAL CARBIDE-pipeline acetylene and calcium carbide * COLTON-—polyviny! acetate, alcohols, and other synthetic resins. 


For details, circle No. 66 on Reader Information Card 
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Cuban Air Products Corporation 


